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TOE ISOLATION AND PRODUCTION OF 
CATALYTIC ANTTBODTF-S ITSTNn PHAGE TF.PHNfH cvrv 

REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of International Application WO 92/01047 
(PCT/GB91/01 134) having an International filing date of July 10, 1991, a publication date of 
January 23. 1992, and wherein the U. S. is a designated State, said International Application 
WO 92/01047 (PCT/GB91/01 134) being hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to the isolation and production of catalytic antibodies 
displayed on bacteriophage and, more particularly, the isolation and production of human 
catalytic antibodies. This invention also relates to the isolation and production of catalytic 
antibodies for use in prodrug activation. This invention further relates to production of 
catalytic antibodies that bind to transitional state analogs. 

BACKGROUND OF THE INVENTION 

Monoclonal antibodies are traditionally made by establishing an immortal mammalian 
cell line which is derived from a single immunoglobulin producing cell secreting one form of a 
biologically functional antibody molecule with a particular specificity. Because the antibody- 
secreting mammalian cell line is immortal, the characteristics of the antibody are reproducible 
from batch to batch. The key proprieties of monoclonal antibodies are their specificity for a 
particular antigen and the reproducibility with which they can be manufactured 

Structurally, the simplest antibody (IgG) comprises four polypeptide chains, two heavy 
(H) chains and two light (L) chains connected by disulfide bonds. The light chains exist in two 
distinct forms called K (kappa) and X (lambda). Each chain has a constant region (Q and a 

variable region (V). Each chain is organized into a series of domains. The light chains have 
two domains, corresponding to the C region and the other to the V Region. The heavy chains 



1 



WO 95/27045 



PCT/US94/03420 



have four domains, or* corresponding to the V region and three domains (1 , 2, and 3) in the C 
region. The antibody has two arms (each arm being a Fab region), each of which has a VL and 
aVl^gion^^^^^ Itisthis P airofV reg ion S( VLa„dYH)d l atdifrer 
from one antibody , 0 another (owing to amino acid sequence variations), and which together 
are responsibie for recognizing the antigen and providing an antigen bimiing site (ABS). I„ 
even more detail, each V region is made up from three complementarity determining regions 
(CDR) separated by four framework regions (FR). The CDRs are the most variable part of the 
variable regions, and they perform the critical antigen binding function. The CDR regions are 
derived from many potential germ line sequences via a complex process involving 
recombinarion, mutation, and selection. 

It has been shown that the function of binding antigens can be performed by fragments 
of a whole antibody. Example binding fragments are (i) ,he Fab fragment consisting of the 
VL. VH. CL and CHI domains; (ii) the Fd fragment consisting of the VH and CHI domains; 
(U») the Fv fragment consisting of the VL and VH domains of a single arm of an antibody; (i v) 
•hedAb fragment (Ward ctaUmm 341 (1989): 544-546) which consists ofaVH domain; 
(v) isolated CDR regions; and (vi) Ffrb'fc fragment,, a bivalent fragment comprising two Fab 
fragments linked by a disulfide bridge at the hinge region. 

Although the two domains of the Fv fragment are coded for by separate genes, it has 
proved possible to make a synthetic linker that enables mem to be made as a single protein 
chain (known as single chain Fv (scFv); Bud et al. 5^ 242 (1988):423-426; Huston et 
al. ftoc.Nail . Acad , Sr i USA 85 (1988):5879-5883); by recombinant methods. These 
scFv fragments were assembled from genes from monoclones that had been previously 
isolated. In our earlier application. WO 92/01047. we described a process to assemble scFv 
foments from VH and VL domains that were not pan of a previously isolated antibody. 

Although monoclonal antibodies, their fragments and derivatives have been enormously 
advantageous, there are nevertheless a number of limitations associated with them. Rrst. the 
therapeutic appUcations of monoclonal antibodies produced by human immortal cell lines holds 
great promise for the treatment of a wide range of diseases (Lenrtox, Clinical Ann.;,^ nf 
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Monoc^iAmihodin , British Medical Bulletin 1984). Unfortunately, i mm onal antibody- 
producing human cell lines are very difficult to establish and they give low yields of antibody 
(approximately I ug/h,,). I„ contiast , ^ ^ ^ ^ ^ ^ 

antibody (approximately 100ng/ml). However, the repeated administration of tte* foreign 
rodent proteins to humans can lead to harmful hypersensirivity reactions. As a result, these 
rodent-derived monoclonal antibodies have limited therapeutic use. 

Second, a key aspect in the isolation of monoclonal antibodies is how many different 
clones of antibody producing cells with different spec^^ 

sampled compared to how many theoretically need to be sampled in order to isolate a cell 
producing antibody win, the desired specificity characteristics (Milstein, Royal Soc. Croonian 
Lecrure „Proc,R,Soc.TnndonR 239 (1990):1-16). For example, the number of different 
specificities expressed at any one time by lymphocytes of the murine immune system is thought 
to be approximately w and this is only a small proportion of the potential repertoire of 
specificities. However, during the isolation of a typical antibody producing cell with a desired 
specificity, the investigator is only able to sample 103 to 1(H individual specificities. The 
problem is worse in the human, where one has approximately 10«2 lymphocyte specificities 
with the limitation on sampling of 103 or 10< remaining. 

This problem has been alleviated to some extent in laboratory animals by the use of 
immunization regimes. Thus, where one wants to produce monoclonal antibodies having a 
specificity against a particular epitope, an animal is immunized with an inimunogen expressing 
that epitope. The animal will then mount an immune response against the immunogen and 
mere will be a proliferation of lymphocytes which have specificity against the epitope. Owing 
to this proliferation of lymphocytes witl , the ucsired spedfteity, it beco^ 
in the sampling procedure. However, this approach is not successful in all cases as a suitable 
immunogen may not be available. Furthermore, where one wants to produce human 
monoclonal antibodies (e.g., for therapeutic adrrinistration), such an approach is not practically 
or ethically feasible. 
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In our earlier application, WO 92/01047, we described methods of constructing a 
bacteriophage that expresses and displays at its surface a large biologically functional binding 
jnolecule (e.g., an^ 

infectious. We called the structure which comprises a virus panicle and a binding molecule 
displayed at the viral surface a "package". Where the binding molecule is an antibody, an * 
antibody derivative or fragment, or a domain that is homologous to an immunoglobulin 
domain, we called the package a "phage antibody" (pAb). However, except where the context 
demanded otherwise, where the term phage antibody is used generally, it was also interpreted 
as referring to any package comprising a virus particle and a biologically functional binding 
molecule displayed at the viral surface. Since the original filing of WO 92/01047, a number of 
examples of functional antibody and other protein domains expressed on the surface of 
bacteriophage have been reported in both the literature and additional patent applications. 

This simple substitution of immortalized cells with bacterial cells as the "factory", 
considerably simplifies procedures for preparing large amounts of binding molecules expressed 
on the surface of the bacteriophage. Furthermore, the use of polymerase chain reaction (PCR) 
amplification (Saiki et al., Science 239 (1988):487-491) to isolate antibody producing 
sequences from cells (e.g., hybridomas and B cells) has great potential for speeding up the 
timescale under which binding specificities can be isolated. Phage antibody expression 
libraries can be easily generated by cloning die amplified VH and VL genes directly into 
bacteriophage expression vectors. Furthermore, a bacteriophage based recombinant production 
system allows scope for producing tailor-made antibodies and fragments thereof. For 
example, it is possible to produce chimeric molecules with new combinations of binding and 
effector functions, humanized antibodies (e.g., murine variable regions combined with human 
constant domains or murine-antibody CDRs grafted onto a human FR) and novel antigen- 
binding molecules. The key advantage of the phage based system being me ability to directly * 
screen the recombinant antibodies directly for the desired binding specificities. 

In creating recombinant VH and YL phage libraries several problems need to be 
addressed. For example, in a mouse there are approximately 107 possible H chains and 10' 
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possible L chains. Therefore, there are 10" possible combinations of H and L chains, and to 
test for anything like this number of combinations, one would have to create and screen a 
library of about ION clones. This had not previously been a practical possibility. 
PCT/GB92/00883 zn d PCT/GB92/01755 applications, which are herein incorporated by 
reference, disclose a number of approaches which ameliorate this problem. Each of these 
applications is a continuation-in-part of our International Application WO 92/01047. 

In addition, a number of molecular biological techniques which have previously been 
developed for engineering of antibody active sites can be applied in combination with the phage 
antibody library approaches described previously. These techniques include site-directed 
mutagenesis of residues within a CDR, replacement of all or portions of CDR (s) with random 
amino acid sequence, CDR shuffling in which a CDR region is essentially replaced with a 
library of CDR regions. The use of pAbs may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may be made which have some synthetic sequences, for 
example, CDRs, and some naturally derived sequences (see for example PCT/BG92/06372). 
For example, V-gene repertoires could be made in vitro by combining un-rearrangedV genes, 
with D and J segments. Libraries of pAbs could then be selected by binding to antigen, 
hypermutated in vitro in the antigen-binding loops or V domain framework regions, and 
subjected to further rounds of selection and mutagenesis. 

pAbs nave a range of applications in selecting antibody genes encoding antigen binding 
activities. One particularly exciting area of application is in the development of antibodies with 
catalytic properties (catalytic antibodies). Catalytic antibodies have been described in U.S. 
Patent Nos. 4,888,281 to Schochetman et al.; 4,963.355 to Kim et al.; and 5,037.750 to 
Schochetman et al., all hereby incorporated by reference. As disclosed therein, catalytic 
antibodies combine the catalytic abilities of enzymes with the binding capabilities of antibodies. 

All catalytic antibodies described to date have been generated using monoclonal 
antibody technology. The details of that process are well known to those of ordinary skill in 
the art. A typical methodology first involves immunizing mice with an appropriate antigen. 
The antigen may be the desired reactanr, the desired reactant bound to a peptide or other carrier 
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proc^ Is give. i„ PCT/US89/0195, fifed May A. m 9 , which „ here|>y 
reference. 



SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method for producing and isolating a 
catalytic antibody displayed™ phage which is capable of catalyticaUy inching the rate of a 
chemical reaction. 

of several different methods outlined hereafter. 

that bind to transition state analogs, phosphorates, and RT3. 

SUB another object of the present invention is to produce a catalytic antibody fro™ 
antibodies (either mouse or hunted, that bind ^nsidon state analogs, phosphonates, 
androbyoneofsevera^^^ 
shuffling or various combinations of these procedures. 

And finally, yet another object of the present invention is to produce catalytic antibodies 
for use in prodrug activation. 

Acco^ngly.Aepr^^ 

displayed on phage comprising the steps of: 

(a) generating a gene library of antibody-derived domains; 

(b) inserting coding for said domains into a phage expression vector; and 
fc) isolating said catalytic antibodies. 



Tbe invention further provides a method for isolating catalytic antibodies displayed 
phage comprising the following steps: 
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(a) preparing an antigen; 

(b) immunizing with said antigen; 

(0 !^8aUbnu,<tfVH^VLdo m ai m 6 Dm ^dta m uri a!dmilllJ1 . 

phage display antibodies; 
(O selecting phage display antibodies which bind specifically to said antigen; 
(0 screening said selected phage display antibodies for catalytic activity ,o 

substrate; and 

(g) isolating said catalytic antibodies. 

The invention further provides a merhod for isolating ca«a.ytic human antibodies 
displayed on phage comprising the following steps: 

(a) preparing an antigen; 

(b) generating a library of VH and VL domains; 

(0 cloning said VH and VL domains into a phage expression vector to generate 
P^ge display antibodies; 

(d) selectmgphagedisplayantibodies which bind specifically to said antigen; 

(0 screening said selected phage display antibodies for catalytic activity to 

substrate; and 
(0 isolating said catalytic antibodies. 

The invention further provides a method for producing catalytic antibodies displayed on 
phage through chain shuffling comprising the following steps: 

(a) combining a library of VL genes with VH genes to form a chain shuffled 
library; 

(b) cloning the shuffled chain; 

(c) expressing said catalytic antibody on phage; 

(d) selecting against an antigen; and 
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(e) screening for catalytic activity, 

phage through CDR shuffling comprising the following steps: 

(a) isolating YL and VH genes; 

(b) isolating a library of CDR regions; 

(0 Shining said VL and VH genes with said library of CDR regions to 
produce a CDR shuffled library; and 

(d) cloning the CDR shuffled library; 

(e) expressing said CDR shuffled library on phage; 
(0 selecting against an antigen; and 

(g) screening for catalytic activity. 

The invention further provides a method for producing catalytic antibodies displayed on 
phage through imprinting comprising the following steps: 
(a) selecting a set of antibodies; 

isolatingasetofVHandasetofVLgenesrmmsaidanu^ 
combining said set of VH with a library of VL and combining said set of VL 
with a library of VH to form two combination libraries; 

(d) cloning said combination libraries; 

(e) expressing said libraries on phage; 
(0 selecting against an antigen; 
(g) isolating selected libraries of VH and VL genes; 
00 combining said libraries of VH and VL genes; 
(0 cloning said combined libraries; 

expressing said combined libraries on phage; 



(b) 
(c) 



© 



(k) reflecting against an antigen; and 



(1) 



screening for catalytic activity. 
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- . f „ vivo c^, hjo m 

effective amount of a phage-derived catalytic antibody. 



The invention further provides a method for in 



vm> activation of a prodrug comprising: 



(a) inking a prodrug into a patien, said prodrug having a chemica, bond 
theretn which upon cleavage releases the active form of said drug; and 

(b) inducing into said patient an effective amount of a phage^d catalytic 
anubody capable of cleaving said bond in said prodrug. 

BRIEF DESCRIPTION OF THE DRAWINGS 

TlKpreseminv^ 
to the text and to the drawings. 



S. 12. art 15, irapeclivtly, md inretmediaitj Omai. 

HO. 5 !to w, ^ ^ ^ |te ^ ^ ^ ^ 

PHEN-OX16 to give pHEN-OX16hisll . 



FIG. 6 shows an SDS polyacrylanide gel starved with coomassic are: 

(a) total periplasmic proteins from 1 ml of cells. 

(b) unbound fraction from 1 ml of cells, after addition of binding , 
(0 fraction bound and eluted from matrix, equivalent to 1 ml of cells. 
(d-0 are purified fractions equivalent to 5 mis of cells. 

(d) pOX16-his-ll antibody fragment eluted with PBS+1M Nacl. 250 mM 
imidazole. 

(e) pOX16-his-ll antibody fragment eluted with PBS, 250 mM imidazole. 
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(0 pSCFv41iis-6 antibody fragment eluted with PBS+1M NaCl, 250 mM 
imidazole. 

FIG. 7 shows pCANTAB vectors encoding C terminal his-6 peptides. 

FIG. 8 shows the competitive assay results for selected mouse RT3 phage antibodies 
with haptens (RT3) portions of the haptens (RT3A and RT3B) or portions of the product (Prod 
A and Prod B). 

FIG. 9 shows the genetic sequence of light chain pattern A and light chain pattern C 
from mouse-derived RT3 phage antibodies. 

FIG. 10 shows the alignment of the mouse germline to the genetic sequence of light 
chain pattersn B, D, and I from mouse-derived RT3 phage antibodies. 

FIG. U shows the comparison of genetic sequences of light chain patterns A, B, C, D, 
and I from mouse-derived RT3 phage antibodies. 

FIG. 12 shows the genetic sequence of heavy chain pattern A from mouse-derived RT3 
phage antibodies. 

FIG. 13 shows the alignment of the mouse germline to the genetic sequence of heavy 
cliain patterns B and D from mouse-derived RT3 phage antibodies. 

FIG. 14 shows the comparison of genetic sequences of heavy chain patterns A, B, C, 
D, and I from mouse-derived RT3 phage antibodies. 

FIG. 15A shows an HPLC chromatogram of a catalytic assay of IMAC 
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pure scFv from clone 18. 

FIG. 15B shows an HPLC chromatogram of a catalytic assay + RT3 hapten of IMAC 
pure scFv from clone 1 8 

FI0.15C shows an HPLCchromatognim of a catalyUc RT3 assay blank at pH 9.0 

FIG. 16 shows an HPLC chromatogram of a catalytic assay of HIC pure scFv from 
clone 18. 

FIG. 17A shows an HPLC chromatogram of a catalytic assay of IMAC pure scFv from 
clone 83. 



FIG. 17B shows an HPLC chromatogram of a catalytic assay + RT3 hapten of IMAC 
pure scFv from done 83 



FIG. 18 shows an HPLC chromatogram of a catalytic assay of HIC pure scFv from 
clone 83 



FIG. 19A shows binding pattern of clones to RT3 obtained after 3 rounds of panning 
of a naive human-derived phage antibody library. 

FIG. 19B shows binding pattern of clones to RT3 after 4 rounds of panning of a naive 
human-derived phage antibody library. 

FIG. 20 shows generic sequences of heavy and light chains of RT3 specific phage 
antibodies selected from a naive human phage antibody library. 
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FIG. 21 shows ihe gcmnl schemeforVHmdVLcWnshulIltoj. 

H0 - M !t0WS RT3 - BSA "«* -» •» **- ^ *** ta 

shufflid libraries after PANO, PAN1, and PAN2. 

HO. 23A shows inhibitoin of phage antibody bidning to RT3-BSA by ,eft hand 
portion of RT3 hapten (RT3A) or substrate (Product A). 

FIG. 23B shows inhibition of phage antibody binding to RT3-BSA by right hand 
portion of RT3 hapten (RT3B) or substrate (Product B). 

FIG. 24A shows yi e ,d of phage e.uted with RT3, RT3A, RT3B, TEA and PBS from 
ELISA wells coated with 0.3 of RT3-BSA. 

FIG. 24B shows yield of phage eluted with RT3, RT3A, RT3B, and TEA from ELISA 
wells coaled with 15 jig of RT3-BS A. 

■» order te «,« innmiM ^ my ^ ^ ^ ^ 

M-% m „ x , fon „ raj whne ^ ^ ^ 

.a~.de™. k „ ,„ be . ^ fc ^ ^ 

would be within die purview of one skiiw i„ u,i, „ m „ b e^,, ,„ ^ fc 

scope of this invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the sake of convenience and ready reference, the following definitions will be used 
in describing the instant invention. 

Analog encompasses isomers, homologs. transition states or other compounds 
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necessanly catalyze a reaction of the analog. 

Antib0dy dCSCribeS M lmmun °S lob «"n whether natural or pardy or w 
syntheticallyproduced. ^ — ^o^^^^.^^^^ - 

homologous to an in^unoglobulin binding domain. THese proteins can be derived from 
natural sources, or partly or wholly synthetically produced. Example antibodies are the 
nnmunoglobulin isotopes and the Fab. F(ab 1 ) 2 , scFv, fV. dAb, Fd fragments. 

An antibody-derived dom nin refers to a seq^nce derived from an anu^ody molecule 
Antigen is a substance, frequently a proem, that can stimulate an animal organism to 
produce antibodies and that can combine with the antibodies these produced. 

A domain is a part of a protein that is folded within itself and independently of other 
parts of the same protein and independently of a complementary binding member. 

Homologs indicate polypeptides having the same or conserved residues at a 
corresponding^ The term also extends 

to two or more nucleotide sequences encoding the homologous polypeptides. Examples of 
homologous peptides are the immunoglobulin isotopes. 

Isolatingrefcrs to the separation of a specific phage from the library. 
Ubraryisacollection^ sequences within clones. 

A naive library is a phage display library of immunoglobulin sequences derived from an 
animal which has no, been immunued with the following: tl.reacta.^reacumbou.dtoa 
peptide or other carrier, a reaction inflate; an analog of the reactant; an analog of the 
product in which the antibody so generated is ^ of biding to reactant or a reaction 
mtermediate; and an analog of a reaction intermediate or transition state. 

A package describes a replicable genetic display package in which the particle is ' 
displaying a member of a sbp at its surface. The package may be a bacteriophage which 
dtsplays an antigen binding domain at its surface. This type of package has been called a phage 
antibody (pAb). 
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A phage vector is a vector derived by modification of a phage genome, containing a„ 
origin of replication for a bacteriophage, but not one for a plasmid. 

an origin of replication for a bacteriophage as well as theplasmid origin of replication. 

A vector is a DNA molecule, capable of replication in a host organism, into which a 
gene is inserted to consiruct a recombinant DNA molecule. 

An Overview Of The Method 

The invention describes methods to generate and isolate phage particles which express 
on their surface an antibody with catalytic properties. In the practice of the invention the 
antibody domains encoding the catalytic functionality can be prepared from either specifically 
immunized or non-immune animal or human sources as defined below. Additionally, the 
invention describes methods of generating or improving binding and/or catalytic function by 
one of several methodologies including but not limited to chain shuffling. CDR grafting, and 
mutagenesis. In a further embodiment of the invention, a method is disclosed for converting a 
catalytic antibody encoded entirely by mouse-derived VII and VL domains into one encode by 
human-derived VH and VL domains 

The first step in generating antibodies with specific catalytic function requires, but is 
not necessarily limited to, achemical hapten (e.g., transition state analog (TSA) that is related 
to, but distinct from the substrate of the reaction to be catalyzed). The structure, synthesis, and 
use of said TSA(s) as a means to generate antibodies with catalytic function has been described 
in U.S. Patent No. 4,196,265 issued April 1, 1980, which is hereby incorporated by 
inference. As described in the prior art, the traditional route for producing and isolating 
catalytic antibodies has been through a monoclonal antibody approach (hybridoma technology). 

The present invention utilizes a phosphonate transition state analog as either an 
immunogen or immobilized on a solid phase to allow generation and selection of antibodies 
which bind said TSA and which may have catalytic properties (see FIG.l). Unlike previous 
inventions in which catalytic antibodies are produced via hybridoma methods, the unique 
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emrx>ciiment of the invention is the ability to express antibody domains, including those with 
catalytic function, on the surface of a bacteriophage. Methods for generating libraries of phage 
with the potential for displaying catalytic antibody domains on their surface are described in 
detail below. 



1 . Production Of Binding and/or Catalytic Phage Antibodies From An Immunized Source 
The TSA is bound to a carrier molecule or peptide and immunized into BALB/C mice. 
After an appropriate amount of time spleens are removed from the mice and mRNA isolated 
from the cells. The RNA serves as a starting source material for amplifying immunoglobulin 
variable domains for cloning into bacteriophage expression vector and subsequent expression 
on the surface of bacteriophage particle. In the embodiment of this invention the variable 
domains are typically linked by a short peptide to produce a scFv as described in the 
background to the present invention. It should be noted that alternative phage expression 
vectors could be used for expression of the antibody as Fab. Techniques for creating said 
phage antibody libraries have been described previously and the details of the process are well 
known to those skilled in the art. (see. e.g.. WO 92/01047; McCafferty et al.. Nature 
(1990):552-564.; Hoogenboom et al., Nucl. Acids. H** (1991):4133-4137; Marks et al.. L 
MQLBioi(1991):581-597). 

Phage antibodies which speciOcally bind and recognize the TSA are isolated from the 
library by one of several methods as described below: 

a) Panning - TSA is immobilized directly on a solid surface (i.c. tube or plate) or 
alternatively coupled to a carrier protein prior to coating the solid phase surface. 
A suspension containing the library of phage antibodies is allowed to react with 
the coated surface for some time after which unbound phage antibodies (those 
that do not bind the TSA) are removed by washing. 

b) Affinity Chromatography - TSA is coupled to a suitable column matrix fi.e.. 
Sepharose). Phage antibody suspension is passed over the column and 
unbound phage are washed through the column with buffer. 
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Phage antibodies that bind and are immobilized on the solid phase surface can be 
removed by one of several methods including: 

a) Non-specific elution by using buffers of either low (acidic) or high (basic) pH. 

b) S f eaBe c,ution wilh f «* hapten such as the original phosphonate ISA or 
substrate or product of the reaction 

c) Specific elution with portions of the TS A, or substrate or product 

In addition to specific elution of phage antibodies bound to the TSA, it may be desirable 
to control the binding of the phage antibodies during the initial panning or affinity 
chromatography step. One method would be to use competitive inhibition in which the phage 
antibodies are first preincubated with reactants, reaction products or portions of the TSA (see 
Example 9). The purpose of such "preselection" would be to eliminate from the population of 
binding antibodies those least likely to be catalytic. In the context of the present example, those 
eliminated would be phage antibodies that do not substantially bind the phosphonate portion of 
the TSA. The type of preselection of the phage antibody library would need to be determined 
experimentally, but ultimately could lead to methods to enrich within the population of TSA 
binding phage antibodies the proportion of catalytic over non-catalytic phage. A greater degree 
of flexibility could be exerted if such procedures were carried out in ELISA wells. Thus, 
following a particular procedure, the eluate could be collected and the whole plate carried 
through a detection procedure. Based on the results, the eluate from specific wells could be 
selected for further aiialysis/parinings. 

Following elution of phage antibodies by any or all of the above methods, phage are 
collected and can be subjected to additional pannings (2, 3. 4. 5. etc.) simply by collecting the 
eluted phage from the previous panning and reincubating on TSA solid phase. Since, a certain 
percentage of phage that do not specifically bind to the TSA are carried through each panning 
step (Le.. non-specific binders), pools of phage clones or individually isolated phage clones 
are typically rcscreened for binding to the TSA by a solid phase ELISA assay. The EUSA 
assay can be done with antibody expressed on the bacteriophage surface or expressed in a 
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soluble form as described below. Other formats of the ELISA assay, for example competitive 
inhibition with free hapten, substrate or product or various halves or portions of said hapten, 
substrate or product can be employed to further characterize the binding specificity of the pools 
of phage clones or individual binding clones. 

Individual phage antibody clones or pools of clones which have the appropriate binding 
specificity are then assayed forcatalytic activity. Assay for catalysis is most conveniently done 
using soluble antibody and methods for producing soluble antibody from a phage antibody 
expressing E. coli clone have been described previously ( Marks et ol, J. Mol. Biol. (199 1):581- 
597). A criteria for attributing catalytic activity to the antibody active site is rigorous 
purification of the antibody away from contaminating proteins or enzymes. In this invention, 
purification of the soluble antibody is facilitated by incorporation of specific peptides at the 3' 
carboxyl terminus of the expressed antibody. Examples of such peptides currently used and as 
reported in the prior art include: 

a) histidine peptide - allows purification of antibody on metal immobilized on a 
column matrix (IMAC. Hochuli et al., BioATechnolnpy MQ88V1TM. 
1325). 

b) my£ peptide- allows purification on a column matrix on which antibody that 
binds specifically to the njy£ peptide has been immobilized (Clackson et al. 
!taB(1991):624-628). 

Previous vectors utilized for display of antibody fragments contained only the mvc 
peptide (see FIG. 5). The vectors described and disclosed in this application represent the first 
example of incorporation of the histidine peptide in tandem with the inyc peptide. This 
represents an improvement over the previous art because it allows purification of the soluble 
antibody using two uniquely different formats and purification conditions. 

Additional purification of antibody can be achieved by utilizing specific properties 
unique to the antibody of interest such as hydrophobicity, charge, and size. Purification is 
affected by any of a number of standard protein purification techniques as described previously 
(Deutscher. Methods in Hnyvmnliwy Vol 182, Guide to Protein Purification (1990). 
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Antibodies isolated by phage antibody techniques described above can be screened for 
the ability to catalyze the desired reaction by a number of methods well known in the art In its 
simplest form screening is. accomplished by incubating antibody and reactant (substrate) under 
appropriate conditions and measuring the formation of product by any of a number of means 
such as spectrophotometric methods or high pressure liquid chromatography. 

2. Production Of Binding and/or Catalytic Phage Antibodies From A Non-immunized 
Source 

In this embodiment of the invention source material for generating a phage antibody 
library is from a non-immunized animal or mammal such as human. Non-immunized in this 
example means not specifically immunized with a specific reactant (cither bound to a carrier 
protein or as free reactant), reaction intermediate, analog of a reactant or expected products of a 
particular reaction. As demonstrated in the prior an, low and moderate affinity human 
antibodies have been generated to specific antigens using phage antibody libraries generated 
from a non-immunized source. Such an approach provides a method for generating animal or 
human antibodies that bind to a TSA simply by panning the naive animal or human derived 
phage antibody library on TSA as described above. Phage clones which specifically bind and 
recognize the TSA can then be assayed for the desired catalytic function as described. Such an 
approach provides a method to isolate directly an entirely human derived catalytic antibody. 

3. Production Of Binding and/or Catalytic Phage Antibodies By Chain-Shuffling 

A chain-shuffling approach for generating phage antibody libraries takes advantage of 
the promiscuity of binding between VH and VK pairs. In this embodiment of the invention, 
the VH or VK domain from one, several or many different phage antibody clones is 
recombined with a library of VK or VH domains. The phage clones and libraries of VH and 
VK domains can be obtained from an immunized source as described in Section 1 above or an 
iwn-immunized source as described in Section 2 above. In addition, the phage clones chosen 
for chain shuffling can be, but is not necessarily limited to, those that have previously been 
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seieced for binding ,„ . panic,,, m . fc cha . n ^ 

--*-«»*i«*.*--*M-.*-d« h . fcpllri-Wr 

vector. ^«^P^^bcd y Bb^U^«fe m ^ MvidMlbMiig 
clones screened for cMary* acdvity as earlier described 

4. ^^ofBiA e ^ orC ^ c p hapMta ^ b) , CDRSIiij(raii8 

II is well known that .mined, specific^ and anfigen binding affi nil » are specified b, 
.h.siaCDR.s^n^vH^^^,,^^^^^^^^ 

^^»a«-ax^^.vH«vidb^* 1 » llirrfajttrCwli -. 

As with ft. i* shnfffi^ WTOch in Section 3 above, the VH or VK domain 

— for CDR snaffling can be from one. several or differ, phage antibody dones 
^^^^^^^^^^^^ 
.^-sedc.r^taunUedsc^es. Following <3>R snaffling the recordbinanl VH and 
"■***-~~»«*. + + m *M f ^ mlm ^ The expressed phage 
■...bodies are repawned against the TSA and tadTvidri binding ctaes ^ for ^ 
activity as described above. 

5. Production of Binding and/or Catalytic Phage Antibodies by Mutagenesis 

As described above for CDR shuffling bidding specificity of an antibody ca, be altered 

by changing amino acids encoded within CDRs CDR «,„.,„„ • r §_ 

iwin ujks. cdk mutagenesis for the purposes of this 

invention can be defined as: 

a) site-directed in which one or a few specific amino acids within a particular CDR 
are mutagenized. This process normally results in alteration of the wild-type 
arnino sequence to several different amino acids dependent upon the nucleotide 
sequence of the region being mutagenized and the sequence of the mutagenic 
primer. 
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» random .^agenesis to wnicll m „ „, ^ a ^ ^ 

CD* is repiaced »i* a ^ ^ ^ ^ ^ ^ 

seqoen<ie " "P 1 "*' 1 »" Poaibte axnbinaoons of amino adds. 
A number of different meftoddogies for bod, sto-direoed ^ 

l-vebee^de^b^mmeU^aM^weB^K.^mrhe^ Aswhhiheofner 
^^^^edfabindng^^ 

conid be ones isolaed from phage ^ ^ ^ ^ ^ ^ ^ 

immunized animal or human sources. 

Rccen, m cce»e, ,„ modeliinj andg^ bind,,,, ^ ^ ^ !<xicmw ^ 
The approach is especiaLy madhm ,„ ^ ^ ^ ^ 

Here Sid. chain, or binding sta for prosrhedc gronpa migh, be in^dnced. no, 
«dy » bind server, to d« r^to, !Me „, ^ mtmm _ ^ ^^^^^ 
bond making and breaking. 

6. Derivation of Human C^lytfc Antibody l>y 'impriwmg- 

The process of "imprinting" Solves using an existing antibody with desired binding 
chan.cteristics, to derive new antibodies, with similar characterisdes. This is done by 
recombiningoriginalandbody chains, -parts W.^a.^^^^^ 
When new antibody elements are found, which complement the original antibody binding 
characteristics, '"-nalto^Wm,^^*^^^ 
chan^s*^ 

g.ve an entirely new antibody which mimics the binding of the original antibody (PC17GB/ 
92/01755). 

For example, an imprinting approach would have value for humanizing a mouse 
catalytic antibody isolated using phage antibody technology as described in Section 1 above. 
Once isolated, the mouse encoded VH or VL domain of the catalytic antibody could be 
recombined with a library of the complimentary human derived VL or VH domains. Tne half 
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mouse-half human phage antibodies am then elected for binding to the ISA used originally 
«o generate the catalytic activity. The remaining mouse VH or VL domain of the seiected 
binders is now replaced with a library of the co mp Ii mcntary hunian ^ ^ „ ^ 
domains. The resulting phage antibodies which now are encoded entirely by human derived 
sequences entirely are again resekcted for binding to the TSA. Indvidual clones selected for 
binding to the TSA are then assayed as described above for catalytic activity. 

Having rum generally described tins invention, Ac following examples are included for 
purposes of illustration and are not intended as any fcWUmhation. 

Exarrmlel.1 

Synthesis of RT3 Phosphorate Transition Stale Analog Hapten 
Ttercr^sche^ 

shown in Figure 1. a2-Ch.oroisodurene (1) by halogen exchange using sodium iodide in 
acetone gave 02-Iodoisodurene (2). Michaelis-Arbusov reaction with trimethylphosphite 
yielded the dimemoxy phosphonate compel (3). Activation by heating with phosphorus 
pentachloride and subsequent reaction with Methy ^Hydroxyphenylacetate (4) afforded 
compound (5). Demethylation using thiophenol and triemylamine produced compound (6) 
which under strong basic conditions of hthium hydroxide was fully deprotected to the derised 
product (7). 

More specifically, ct2-Iodoisoduiene ( Compound 2) was prepared as follows: 
02-aioroisodurene (Compound 1) (228 g) was dissolved in acetone (45 ml) and Nal 
(2.25 g) was added. The reaction mixture was stirred vigorously at 75' C in the dark for 16 
hours. The reaction mixture was concentrated, redissolved in ethyl acetate (100 ml), washed 
with water and concentrated to a solid. The solid was redissolved in ethyl acetate (5 ml) and 
purified by flash chromatography using 100 g of silica and eluting with hexane to give a2- 
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lodiosodurene (2) (2.717 g). This was confer by spectroscopy »H NMR (CDCb) 5 2.25 
(s,3H). 133 (s, 6H), 4.48 (s, 2H), 6.85 (s, 2H). 

Preparation of Compound 3 

Freshly distilled Trimethoxyphosphiie (5 ml) and cG-Iodoisodurene (2) (0.765 g) were 
heated together at 110' C for 16 hours. Te reaction mixture was concentrated to a small 
volume and purified by flash chromatography using 50 g of silica and eluting with ethyl 
acetate-hexane (2:8 volume by volume) ,o give compound 3 (0 .550 g). This was confirmed by 
spectroscopy - i H NMR (CDCI 3 ) 8 2.25 and 2.27 (2s, 3H), 2.40 (Is. 6H), 3.25 (d, 2H). 
3.65 (d, 6H), 6.88 (s, 2H). 

Metliyl 4-Hydroxyphenylacetaie (Compound 4) 

4-HydroxyphenyIacetic acid (1.75 g) was dissolved in methanol (30 ml) and 10 M 
aqueous hydrochloric acid (0.15 ml) was added and heated to reflux for 15 hours. After 
cooling ,o room temperature, triethylamine (1 ml) was added, the mixture concentrated, 
purified by flash enromatography using silica gel (30 g) and eluted with ethyl acetate-hexane 
(2:8 volume by volume) to give Methyl 4-Hydroxyphenylacetate (4) (1.693 g). Tins was 
confirmed by spectroscopy . »H NMR (CDCfc) 8 3.58 (s. 2H). 3.73 (s. 3H). 6.75 (d. 2H). 
7.10 (d, 2H). * 

Preparation of Compound 5 

Compound 3 (0.243 g) was dissolved in dry chloroform (3 ml) and a solution of 
phosphorus pentachloride (0.240 g ) in dry chloroform (3 ml) added followed by heating at 
60' C for 3 hours. The reaction mixture was concentrated to an oil which was left to stir under 
high vacuum for 16 hours. The resultant phospborochloridate was redissloved in dry 
dichioromclhane (3 ml) and added to a solution of Methyl 4-Hydroxyphenylacetate (4) (0.150 
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g) and 44>iroethylaminopyridine (0.146 g) in dry dichloromethane (3 ml) at 0* C The reaction 
mixture was stirred at room temperature for 16 hours. Saturated aqueous ammonium chloride 
(15 ml) was added and products were extracted into dichloromethane (40 ml). The organic 
layer was washed with water (10 ml), dried over anhydrous MgS0 4 , filtered and concentrated 
then purified by flash chromatography using silica (30 g) and eluting with ethyl acetate-hexane 
(4:6 volume by volume) to give compound 5 (0.20 g). This was confirmed by spectroscopy - 
1H NMR (CDCI 3 ) 5 127 and 2.30 (2s, 3H), 2.40 and 2.42 (2s, 6H), 3.40 (d, 2H), 3.58 (s, 
2H), 3.67 (d, 3H), 3.69 (s, 3H), 6.88 (s, 2H) t 7.05 (d, 2H), 7.20 (d, 2H). 

Preparation of Compound 6 

Compound 5 (0.19 g) was dissolved in dioxane (1 J ml). Thiophenol (0.575 g) and 
triethylamine (0.70 ml) were added and the reaction mixture was stirred for 16 hours. The 
mixture was concentrated, redissolved in water (30 ml) and washed with dichloromethane ( 5 x 
25 ml). The aqueous layer was adjusted to pH 1 with aqueous H<3 and extracted with ethyl 
acetate (5 x 30 ml). The organic layers were combined, dried over anhydrous MgS0 4t filtered 
and concentrated to give compound 6 (0.176 g). This was confirmed by spectroscopy - W 
NMR (CDCI3) 5 2.15 (bs, 3H), 2.28 (bs f 6H), 3.13 (d, 2H) 3.40 (bs, 2H), 3.60 (bs, 3H), 
6.68 (bs, 2H), 6.85 (bs, 2H), 7.00 (bs, 2H). 

Preparation of Compound 7 

Compound 6 (0.087 g) was treated with a solution of lithium hydroxide monohydrate 
(0.025 g) in methanol (1.4 ml) and water (0.30 ml) with vigorous stirring for 50 hours. The 
reaction mixture was concentrated to a third of its volume, water (10 ml) was added and the 
aqueous layer was washed with dichloromethane (3 x 10 ml). The aqueous layer was adjusted 
to pH 1 with concentrated HQ and was extracted with ethyl acetate (7 x 20 mL). Organic 
layers were combined, dried over anhydrous MgS04, filtered and concentrated to give 
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compound 7 (0.063 g). Tnis wasconfin^byspec^. . H NMR (d 6 DMSO) 8 2,70 

and 2.175 (2s. 3H), 2.30 (s, 6H), 3.20 (d, 2H), 3.50 (s. 2H), 6.80 (s, 2H). 7.00 (d. 2H ) 
7.20(d,.2H). h 



Examp le \ T 7, 

Symbesis of Uf. H»d Pool,,, (Confound », „, RT3 Phosphor TraMidon Shk Analoe 
(RT3A)(seeFI0.2) 



P*p.n,,io„ of Compel , fran Ihe ofmmpoma } ^ ^ 

triethylamine. 

Compound 3 (0..22 g> „* ^toM in dtoxa « (u „,„ „,, ^ ^ , ^ 
of ...^ ,0.55 g) in dioxane(U ,„„ ^ ^ Tlfc , hyl „ ine ^ fe ^ ^ 
and *e soMo. I, slim<l for 24 ^ . lenipmi|ire ^ ^ ^ wiBfcm(i 

» a sepannin, tarf. WMe r (50 ml) *as added. ^ ^ ^ ^ ^ m ^ ? ^ 
a,«ou S Hd and ,he„ „ ^ wi ,„ , rrtl(m)roe|boIB „ ^ ^ 

™ " M * d 10 P^ * widil M aqueous HQ and exoaoed wift ed„l ^ C x 75 ml) ^ 
«•«* laye* wore combined and washed wim (3 „,,), dried ^ ^ byirom MgS0( 
f«.«,ed and Co***™* Purify usin| , s „ ica g) ^ ^ ^ 

dichloromethane (8:92 volume bv vn!um» i«t.q« i 

° mB ° y VOlun,e * 15:85 vol "me by volume) gave compound 8 

(0.055 g). This was confirmed by specaoscopy - m NMR (d6 DMSO) 8 2.10 (bs. 3H), 2.28 
(bs, 6H), 3.2 (d, 2H), 3.30 (d, 3H), 6.85 (s, 2H). 

Example 1,,? 

Synthesis of Right Hand Ponion (Compound 12) of RT3 Pbosphonate Transition State 
Analog (RT3B) (see FIG. 3) 

Preparation of Dibenzylmethylphosphorate (Compound 9) 
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Sod,™ hydride (60% dispense* in mineral oil) «,.,„ g> „ washed ^ ^ ^ 
(2x10 „,). To U* decamed solid, dry THF (5 ml) was added and ,he sted mpensio( , WM 

^ WW0 ' CAM, " torfK ^ , ^M..048 SI „d ry THF(5 m .,w as ^d a l aKl 
d* mi»ur. warmed «, rwm .emp^fcre. Afer 30 ^ ^ ^ ^ ^ ^ 

added and -J* reacdon mix,™ sdrred for 2 hour,. The reaaion mixture «s corcearated 
redissolved in emyl ac*a,e (75 ml), washed wid, samraKd a qKOOS a^.^ ^ 
soludon (50 nd) and w»er (10 ml). The organic ,ay„ was over ^ 
filled, coaemmed d*„ purifled b, flash du^^gmphy ^ siljc> ( ,„ tf ^ ^ 
wW,e,h,.^r^(, :lv „ lrae by TOloro! )wiach gavel^^p^^,,, 
(0.750 g). This was conflrmed b, specdoscopy - , H NMR (COO,) 8 ,.48 (d, 3H). 5.00 (rr, 
4H), 7.40 (s, 10H). 

Pnparadon of Benxylrnethyrphospboric Acid (Compound 10) 

Dir^lr«d,ylphosph MM e (9) (0.277 g, was dissolved in dioxar* (1 ml) and wa,er 
(0.5 ml). Aqueous 2 M UOH (1 ml) was added and die mixu™ was vigorously sdrred for 48 
hours. W^WmOwaa^^fc^^^^^^^^^ 

Tte^shyer^s^^pH l^^mmmtaami^t^^^ 

(2 x 35 ml). Organic layers were combined, dried over anhydrous MgSO,. niwed and 
concealed » five Bercybr^ylptosphc* acid (10) (0.183 g). This was confirmed b, 
spec^p, . ,„ NMR (CDCb) 8 1.53 (d. 3H). 5.08 (d, 2H). 7.40 (n, 5H). > ,.90 < s . ,„,. 

Preparation of Cbmpound 11 

Benzytac.hyJpl.osphoric acid (10) (0.1 18 g) was dissolved in thionyl chloride (I ml) 
and stirred for4 hours. The reaction ,„ix,u re was concentrated to dryness and was left under 
high vacuum for 16 hours. This was redissolved in dry dichloronttthane (1 m !) and DMF (13 
ml). With surring Methyl 4-Hydroxyphenyl acetate (4) (0.083 g) and uieuiylamine (0.170 
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Preparation of 4.Hydroxyphenylacetamide (Cbmpound 13) 

Methyl 4-Hydroxyphenylacetate (4) (0.83 g) was dissolved in saturated methanol* 
ammonia (30 ml) and placed in a thick walled tube with Tenon screw cap. The solution was 



mL) was added. After 16 hours, saturated aqueous ammonium chloride (30 ml) was added 
and the mix*,, was extracted with ethyl acetote (2 * 50 ml). Organic extracts were combined, 

dried over anhydrous MgSO,, filtered and concentrated. Purification was achieved using 1 

preparanvetlcp^^ j 

solvent to give compound (1!) (0.068 g). This was confirmed by spectroscopy - UI NMR j 

(CDC.3) 8 1.67 (d. 3H). 3.60 (s, 2H), 3.73 (s, 3H). 5,5 (m , 2II) , 7 . 13 (d , 2H) , 7;25 (d> j 
2H), 7.40 (s, 5H). 

f f 
: .v 

Preparation of Compound 12 I 
phosphonate ,,, which „, lilhillm Hyimi(k hy(iroljsis a[ronfa| ^ w 
«) produced compound „. Koal ^ )2 WM ^ ^ fc 

11. |: 

Compound 11 (0.060 8) was fcdW in em* acetate (,0ml) and ,0% pailad™, M 
efaarcoal (0,03 g) was added. The mixture was stirred under an atmosphere of hydrogen for 3 
■ours. hwastoWteredthroughab^o/celte^dethyi^ep, ,0 m» added to ,™sn 

pnxuosfhm,U«a= li ,e.A1lwashi„ 5 ,a„dru I n,,eswereco^ | 

compound 12 (0.038 8 >. This was confirmed by spectroscopy . t„ nmr (cdc,,, 6 ,. 48 if 

M.S. 3H). 3.60 (bs. 210, 3.«8 (bs. 3H), 7.15 (m. 411), 8.20 (,*», !,)>. | 

Example 14 § 

Synthesis of RT3 Substrate (see FKJ. 4) I 
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stirred in this sealed tube a, room temperature for 72 hours. Reaction mixtun, was concentrated 
^ssolvedrnme^^^^ No crystallization 

raTOl S ° 11,6 ^ Was «o half i ts volume and hccane was added with 

heating. Cooling to 0' C gave crystals of 4-Hydroxvphenylacetanudc (13) (OJ524 g). This 
wascc^firrned^ . 

2H), 7.00 (d, 2H). 

Preparation of Compound IS 

The amide 13 was prepared by the ammonolysis of the methyl ester 4. Activation of 
mesitylaceuc acid with thionyl chloride and subsequent reaction with amide 13 gave the final 
compound 15. 

Mesitylacetic acid (0.10 g) was dissolved in thionyl chloride (1 ml) and stirred for 4 
hours. ^rwctionmUturcwascon^ 

hours. T*e resultant mesitylacetylchloride (14) was dissolved in dry dichlomrneUutne (1 ml) 
and added to a solution of 4-Hydroxyphenylacetamide (13) (0.076 g) and diethylamine (0.077 
mL> iB ** DMF 0 mI) - ™«™ was stirred for 90 minutes then concentrated, 

dissolved in ethyl acetate (30 ml) and washed with saturated aqueous sodium bicarbonate (25 
ml) and water (5 ml). The organic layer was dried over anhydrous MgSO,. filtered and 
concentrated. Purification was acheived by preparative silica tic (I mm) using ethyl acetate as 
solvent to give compound 15 (0.055 g). This was confirmed by spectroscopy - 1H NMR (d$ 
DMSO + CF3CO2D) 5 2. ,3 (s. 3H), 223 (s, 611), 3.35 (s. 2H). 3.83 (s. 3H), 6.80 (s, 2H), 
6.93 (d, 2H), 7.23 (d, 2H). 

Example 2 

Hapten Conjugations 4 
RT3 hapten, 4Kcarboxymethyl) phenyl-(2,4.6-trimethylphenyl)-methyl pbosphonate 
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(compound 7, Figure 1), was conjugated to bovine serum albumin (BSA) and keyhole limpet 
hemocyanin (KLH), via the free carboxyl group on the hapten. 

5.4 mg of RT3 was dissolved in phosphate buffer at 37* C, and then mixed with 6 mg 
EDC, UthyI-H3^methylaminoprap^^ and N-hydroxysuIfosucccinimide 

(S-NHS), at a molar ratio of 1:2:2, respectively. 10 mg of BSA was dissolved in water and 
then added to the hapten. Hie molar ratio of hapten to BSA was 100:1, using a BSA molecular 
weight of 64,000* The mixture was stirred at room temperature for 3 hours and then dialyzed 
against 2 changes of phosphate buffered saline (PBS) at 4* C over 2 days. 

The RT3-KLH conjugate was made in a similar manner to RT3-BS A except that the pH 
of the hapten, EDC, S-NHS mixture was adjusted to 6.0 with NaOH before the addition of the 
KLI1 The hapten to protein ratio was 100: 1 using a protein molecular weight of 64,000. The 
reaction mixture was stirred for 2 hours at room temperature, and then dialyzed against PBS at 
4* C over 2 days. 

After the dialysis, the protein concentrations were determined by the micro-btcinchonic 
acid assay using BSA as the protein standard (Pierce, Rockfoid, Illinois). 

Pxwple3 

Immunizations And mRNA Isolation 

BALB/c female mice, 14-weeks-old, were injected intraperitoneally with 50 jig of RT3- 
KLH emulsified in complete Freund's adjuvant The mice were boosted with 10 \ig of RT3- 
KLH emulsified in incomplete Freund's adjuvant at weeks 4 and 7. The mice were sacrificed 
three days after the last injection and the spleen removed and used as a source of mRNA. The 
immune response after the second injection was measured by ELISA. The titer of the 
antiserum against RT3-BSA was 1:100,000. 

Preparation of mRNA - mRNA was isolated from 105 mg of spleen obtained from a 
mouse immunized with RT3-KLH as described above. mRNA was purified using a FastTrack 
mRNA isolation kit (Invitrogen Corp, San Diego, CA.) following manufacturers instructions. 
The mRNA yield was 5.4 ug as determined specirophorqmetrically using the following 
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fommla: 

[mRNA>= (A^eo) (0.04 ug/ul) D where D is the dilution factor 

Example 4 

Maierials and Methods feConsmiction Of 

Protocols used in the following procedures were described in Sambrook et aL, 
Molecular Cloning: A Laboratory Manual Cold Spring Harbor Laboratory Press (1989). 

Restriction digestion, analysis of restriction enzyme digestion products on agarose gels, 
purification of DNA using phenol/chloroform, preparation of 2xTY medium and plates, 
preparation of tetracycline and ampidTTin stock solutions, PAGE of proteins, Preparation of 
phosphate buffered saline, preparation of plasmid DNA by alkaline lysis, cesium chloride 
purification of plasmid DNA. 

All enzymes were supplied by New England Biolabs (Beverly, MA) and were used 
according to manufacturer's instructions unless otherwise stated. 

Ligations were done using an Amersham (Arlington Heights, IL) ligation kit. DNA 
purifications using glass milk (Bio 101, La Jolla, CA ) or magic mimprcps or magic PGR 
preps (Promega, Madison, WI) were done accor di ng to manufacturers conditions. 

Prepar ation of competent cells and transformation were done according to the method 
described in the Bio-Rad (Hercules, CA) dectro-transf brmation protocols. 

The following are described in McCaffeity et aL, 1992, Patent No. WO92/D1047: 
preparation of phage, phagendd particles, single stranded DNA, expression of soluble single 
chain Fv antibodies, die procedures for panning and ELBA, analysis of diversity by PGR and 
BstNl digestion. 

DNA was transformed into competent TGI cells (genotype: K12d(lac-pro), sup E, tfai, 
hsdD5/FtraD36, pro A+B+, Lac Iq, lac ZdM15) car HB2151 cells (genotype: K12d(lac-pro), 
thi/F pro A+B+, Lac IqZ dM15). 

The mouse PCR primers, the vector pCANTAB 3 and pCANTAB 5, and anri-M13 
antibodies are available from Pharmacia (Kscaraway, HI) (Cat. No. 27-9400-01, 27-9401-01, 
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27-9402-01 respectively). 
Example 4.1 

Preparation Of Victors Facilitating Rapid/Multiple Isolations Of Soluble Single Chain Fv 
(scFv) Antibodies Using "Immobilized Metal Affinity Cdhromatography Procedure" (IMAQ 

In screening for catalytic antibodies, it would be advantageous to have a means of 
readily purifying/concentrating bacterially expressed antibodies from phagemid vectors. The 
following changes were incorporated into the phagemid vectors pHEN t pCANTAB (see 
McCafferty et aL, (1992) Patent Application WO 92/01047, Hoogenboom HJt. et al, Nucl. 
Acid Res. 19, (1991):4133-4137, Pharmacia product literature Cat. No. 27-9401-01): 

i) sequences encoding six histidine residues at the C terminus of the antibody 
were introduced. 

ii) sequences encoding a myc tag peptide at the C terminus of the antibody were 
included for sensitive detection/alternative purification of SCFv's. By 
incorporating these changes, a very simple and rapid procedure for 
concentrating and purifying bacterially expressed antibodies has been 
developed. 

Two pairs of oligonucleotides were synthesised to generate the double stranded inserts 
shown below. These have 5' overhangs compatible with the Not I site and so can be cloned 
into this site in pHEN, pCANTAB, regenerating the Notl site at the 5* end as shown below, 

His-6 1/2 

ala ala his his his his his his amb 
5X3 GCC GCA CAT CAT CAT CAC CAT CAC TA 3' 
3' CGT GTA GTA GTA GTO GTAGTG ATCCGG5 1 

His-6 3/4 

ala ala his his his his his his gly 
5'G GCC GCA CAT CAT CAT CAC CAT CAC GG 3' 
3' CGT GTA GTA GTA GTG GTA GTGCCCCGG5' 

(amb= amber codon) 
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His-6 3/4 was cloned into pHEN-OX16 which consists of the high affinity oxazalone 
binding clone described in Oackson et aL, Nature 352 (1991):624-628, cloned into the 
Pstl/Notl site of pHENl. This construct will give rise to a product consisting of [aOX 
annbcriy-his-6nmyc tag-amber codon- gene3] which can be deteoed with the 9E10 antibody 9 
(the cell line producing 9E 10 antibody 9 is available from ATCC, Rockvffle, MD, CRL 1729 
designated MYC1-9E10.2). Thenewconstrnais<saiedpOX16hb 
5. 

This clone was used to work out the "immobilized metal affinity chromatography 
procedure" (EMAC) purification regime described below. An additional construct, was made 
by inserting His-6 1/2 into the clone scFv4, which consists of die lysozome binding D1.3 
scFv antibody cloned into pCANTABS. This construct win give rise to a product consisting of 
(D1.3 armbody-his-6-amber codon- gene 3) which can be deteoed with anti-D13 antiserum. 

All cloning manipulations were carried out in TGI and the correct clones introduced 
into the non-suppressor strain HB2151 for expression as single rhain Fvs. 

All volumes are for an initial culmre volume of SO mis and all bacterial growth was at 
30' C in the host HB215L E. colt cells carrying the plasmki of interest were grown to 0.7-1.0 
OJDjtal in 2xTY medium supplemented with 2% glucose, 100|xg/kzxl ampkOHn. The culture 
was centrifuged in a 50 ml Falcon mbe at 3500 rpm for 10 minutes at room temperature, 
resuspended in 2xTY/100jig/ml ampicillin/lmM IPTG and grown for 3 hours. The culture 
was centrifuged in a 50 ml Rdcon mbe at 3500 rpm forl5min^ataten5)eratnreaf4 # Cand 
is resuspended in 1 ml of cold buffer A (PBS/1M Nad/lmM EDTA) and left on ice far 15 
nrinm es. The sample was centrifuged 2x10 minutes, the supernatant carrying the periplasmic 
contents collected and MgC^ added to 1-2 mM. 

400 Jilof a 1:1 slurry of Ni-NTA agaroseibuffer 1 (Qiagen, Chatsworth, CA) which 
had been pre-eqnilibrated with buffer A was added to the periplasnrirpreparm^ 
for 10 minutes on an inverting platform at room temperature. Hie mixture was centrifuged at 
low speed on a microfuge for 10-15 seconds and the pellet resuspended in 1 ml of buffer A. 
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This process was repeated another 2 times before resuspending in 100 }il of either PBS or 
buffer A carrying 250 mM imidazole. After 10 minutes the supernatant was collected and the 
pellet re-emacted with another 100 \d of the same bufifer and pooled. 

Results are shown in FIG. 6, in lanes marked with the capital letters A, B, C, D, E and 
R Lane A, FIG, 6 shows abradant accumulation of scFv in the periplasm after 3 boon 
induction. As expected scFv was only found in the culture supernatant after overnight 
incubation (data not shown). Isolation of antibody from die periplasm not only has the 
advantage that it can be prepared after a shorter induction, with the potential for ate 
product, but also the initial centrifugation step itself effectively concemnues the antibody, when 
working from the periplasm. Lanes B and C show that the antibody fragment is efficiently 
bound aai recovered after inaibam 

and ehiring bound scFv with Buffer A/250 mM Imidazole as described abov^ Lanes D and E 
shows that elation can be carried out in PBS/250 mM imidazole, without added Nad This 
may be amore useful buffer for subsequent use of the antibody. Lane F shows that die clone 
scFv4his-6 produces an antibody fragment wWch can be recovered in the same way. 

Tins procedure is a very simple means of amcenrrating/purifying antibodies which will 
facilitate the preparation of multiple samples simultaneously as required for screening for 
catalysis. 

Vector fouus of the above construct were prepared by cleavage with NotlandBamHl 
to isolate DNA extending from the Notl cloning site through to the BamHl site in the middle 
of gene m. This was used to replace the equivalent Notl/BamHl site within PCANTAB 3 and 
pCANTABS to give the vectors PCANTAB 3 his-6andpCANTAB5 his-6. This transfers the 
myc tag and die his-6 tag to the new backbone (Rgure 7). 

Example 42 

Preparation Of A Phage Library Derived RomMce&omunizedWiihRT3 

Sequences of all primers used for the construction, PCR and sequence analysis of 
mouse derived phage display libraries are shown below: 
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SEQUENCE OF VK PRIMARY PRIMERS. 
VKA BACK 5' GAT OTT TTO ATG ACC CA A ACT CCA r 
VKB BACK 5-GATATTCTGATAACCCAGGATGaIt 
VKC BACK 5' GAC ATT GTG CTA^ A(X CAG TCT CCA V 
vSSff ?S!ff A ffSS ^OA5fcAGTCT?Sy 3 
VKF BACK 5 GAA AAT GTG CTC ACC CAG TCT CCA 3* 

UnaSS ? £££ £T £ AT ^ CAG CTT GGT GCC 3' 
MJK2FONX 5' CCG TTT TAT TTC CAG CTT GCTT rrrv 

MJK4FONX y CCG TTT TAT TTC CAA CTTTCrrrc^i 

MJK5FONX 5' CCG TTT CAG CTC^G GOT QCC 3 " 

SEQUENCE OF VH PRIMARY PRIMERS. 

VH1FOR-2 5* TGA GOA GACGGT GAC CGT GfiT rrrnr nnn ™ „ 
VH1BACK 5-AGGTSMARCTCCAGSACTC^G^ TOGCCCCy 

SK FVKUNKERPRWERS ' 

VKBuSoR 0 ^ CAA AAC ATC CGATCCGCC ACCGCCAGAGCC 
VTCUN^ TAT CAC AAT ATC CGA TCC GCC ACC GCC AGA GCC 
™Du£^ GGT T/CAG CAC AAT GTCCGATCCGCCACCGCCAGAGCC 
vSLjNKkS^ XCT ^ 01X5 ° AT CTC CGATCCGCCACCGCCAGAGCC 
VKHjIS^R 0 <*" ° AG AAC AAT ™ CGATCCGCC ACCGCCAGAGCC 
TGG AGA CTO GGT GAG CAC ATT TTC CGATCCGCC ACCGCCAGAGCC 

SEQUENCE OF VH LINKER PRIMER. 

LINK BACK 5 1 GGG ACC ACG GTC ACC GTCTCC TCA 3 1 

PULL THROUGH PRIMERS 
PCR SCREEN PRIMERS 

KSJ28 5'GTC ATT GTC GGC GCA ACT ATC GGT atp v 
FOTSEQI 5'GTC GTC TTT CCA GAC GTT ACT 3* 



Spleen mRNA was used from a mouse immunized with RT3-KLH (see Example 3) 
and cDNA was prepared using random hexamers (Pharmacia. Piscataway, N J.) as primers. 
PCR reaction conditions are essentially as in McCafferty et al., Patent application WO 
92/01047, using Taq polymerase according to manufacturers conditions. 
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The primary heavy chain product (VH) was made using the primer VH1FOR-2 and 
VH1BACK. The primary light chain PCR product (VL) was made in 5 separate reactions using 
an equimolar amount of the 4 MJKFONX printers with one of the 5 VKBACK primers 
(VKABACK, VKCBACK, VKDBACK, VKEBACK, VKFB ACK). PCR conditions for 
VUs were 25 cycles of 94 m C for 1 minute, 55' C for 1 minute and 72* C for 2 minutes, 
followed by a 72' C incubation for 10 minutes. For the Vffs 60* C was used as the 
hybridization temperature rather than 55' C as this gave better results. 

Linker fragments were prepared using the template pscFvNQl 1 (McCafferty, J. et al. t 
WO 92/01047) with the primer UNKBACK with 5 separate reactions each containing one of 
primers VKALINKFOR, VKCLINKFOR, VKDLINKFOR, VKEUNKFOR, 
VKFLINKFOR. 

Primary products were gel purified and linked together in 5 separate linkage reactions 
using linker fragments complementary with the 3' end of VH and with the 5' end of the various 
VL's. Linkage was done in a "mock" PCR reaction using the three fragments and no added 
primers. The linkage was carried out in duplicate in a 25 ill volume with approximately 10 ng 
of each fragment present This linkage was taken through 25 temperature cycles of 94* C for 1 
minute, 60* C for 2 minutes and 72* C for 2 minutes followed by a 72* C incubation for 10 
minutes. 25 |xl of assembly reaction was run on a gel and after de-staining the assembled 
product was just visible on the gel (data not shown) 

The material for cloning was prepared in a secondary PCR reaction using primers 
which introduce cloning sites (VH1BACKAPA10 and a mix of JK1NOT10, JK2NOT10, 
JK4NOT10, JK5NOT10). A small amount of product from the linkage reaction was used as 
template (t nl into a 50 |Xl PCR reaction). PCR conditions were 25 cycles of 94* C for I 
minute, 55* C for 1 minute and 72* C for 2 minutes followed by a 72 # C incubation for 10 
minutes. 

The secondary PCR product was cut with the enzymes ApaLl/Notl, gel purified, 
cloned into the ApaLl and Not 1 sites of pCANTAB3his-6 and transformed into 
electrocompetent TGI cells. (Transformation efficiencies were 5xl0V|±g.for pUC19 and 
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lxlOM0 7 4ig for ligatcd vector), 
clones were found to have insert 
3II different. 

Example 4.3 

Panning The Mouse Anti-RT3 library Against RT3-BSA 

The panning procedure was essentially as described in Marks, J. D. et ah, 
Bipieciinfltogy 10 (1992):779-783. The RT3 hapten (compound 7, figure I) was conjugated to 
BS A as described in example 2. Nunc (Kamstrup, Denmark) immunosorb tubes were coated 
with I ml of RT3-BSA at 20 mg/mL The tubes were blocked to the top with 4 mis PBS/2% 
milk powder for 2 hours at 37* C and 0.8-1.0 ml of concentrated phage (equivalent to 10-50 
mis of culture supernatant) was used for binding. Tubes were not inverted. Binding of phage 
and washing was done using MOPS buffered saline (MBS which is 50 mM MOPS pH7.4, 
150 mM Nad). 

Washing was done ten times with MBS/0.1% Tween 20 and ten times with MBS. 
Bound phage were eluted using 800 ml of 100 mM triethylamine, neutralized with 400 nil of 
1M Tris pH 7.4 and infected into exponentially growing TGl-tr cells (T phage resistant TG 1 
cells). The cells infected with the eluate were plated onto large (22x22cm) TY plates 
supplemented with 2% glucose/100 mg/ml ampicillin. Bacterial stocks were prepared next 
day, liquid cultures were inoculated from them and rescued with M13 helper phage and die 
panning procedure was repeated a second time with the concentrated phage. 

The panning process was repeated and concentrated phage was used in a polyclonal 
ELISA. No signal was achieved from the unpanned library but increasing signal was achieved 
through successive pannings (not shown). The numbers of phage eluting after PAN1, PAN2 
and PAN3 increased each time as expected (0. 12, 50 and 2200 x 106 infectious phage 
respectively). 

Eluted phage from PAN1 and PAN2 was introduced into HB215 1 cells (a 
non-suppressor line producing soluble SCFv). Individual colonies werejpicked into 96 well 
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plates contaimng TY rnedinm with 100 mg/ml ampiciffin supplemented with 2% glucose 
(TY/G/A) and grown for 4-16 hours (stock plate). These cultures were used to inoculate a 
second 96 well plate containing TY/A and 0.1% glucose. This plate was incnbated fbr2-4 
hours at 30* C before inducing by adding IPTG to Invalid growing ovanight Next day 
culture snpematants woe added to ELBA plates previoiislycc^ with 2 mgtolRT3-BSA 
and blocked with 2% nrilk powder. Binding was caxriedomta IX MBS/2% imlkpowoo- and 
binding was detected using the moose 9E10 antibody followed by goat anti-mouse-peroxidase 
(Sigma, St. Louis, Missouri). The 9E10 antibody used to detect the myc tag peptide'is 
available from the ATCC, Rockvffle, Maryland (CRL1729, Name given is MYC1-9E102). 

Screening for binding fromPANl using RT3-BSA as antigen and MBS buffer 
tliioughom the procedure identified 47 fo a similar way, 115/184 

positives were identified from PAN! The diversity of the clones was analyzed by BstNI 
digestion of PCR amplified single chain DNA insert from each clone as described in Example 
4.0. 

The results are summarized in Table 1 on a group-by-group basis as shown below. 
17 of 48 binders analysed from PAN1 (35%) had pattern A. A total of 78 bindmg clones from 
115 from PAN 2 (68%) had PCR pattern A. (22 of these were restreaked aid analyzed further 
and these are presented in the Hgurel and Tablel). Pattern B was found in 2 of 48 (4.1%) 
clones from PAN1 and 24 of 115 (21%) from PAN! 2 of 48 fromPANl had pattern C 
(4.1%X while 3 of 115 from PAN 2 (2.6%) had this pattern. Panera D was found in 3 of 48 
clones from PAN1 {62%) and 3 of 115 from PAN 2 (2.6%). Thus, the proportion of 
positives from each group appears to alter from PAN1 to PAN2. Tins coald result in the loss 
of potentially catalytic clones after several rounds of panning if selection is based solely on 
strength of binding to RT3. 
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Table 1. Grouping Of Mouse RT3 Binders According To PCR Partem 



PCR Pattern 


Sample No. 


A 


PANl-3,4,6,8,9,14,17,18^4^^,30,35,36,45,46,47. 

PAN2*60 t 62 ( 63,64 r 65 f 66,67 f 7072 f 74 t 77 ( 78.79 f 84,85 f 86 ( 
87.88 91 92.96 97 


B 


PAM-12,20. 

PAN2-49.50.51 ,52,53,54.55,56,57,58,59,69,82,90,93,94, 
99,100,101,102,103,104,105,106. 


C 


PAN1-5.48 
PAN2-75.76.80. 


D 


PANI-10,26,43. 
PAN2-68.83.89. 


a 


PAN1-2.13. 


e 


PAN1-11.19. 


q 


PAN1-7,15. 


i (small 
insert) 


PAN1-23,38,44. 


j (small 
insert) 


PAN1 -31 ,40,42. 


E 


PAN2-71.73 


10 unique 
patterns 
from PAN1 


b-21 , d-41 , f-1 , g-33, h-1 6. k-28, 1-39, n-34, p-32, G-22. 


4 unique 
patterns 
from PAN2 


F-61,H-81,l-95,J-98. 



At least 15 other patterns were found in PAN1 with many appearing only once. Many 
other patterns present in PAN1 were not identified in PAN2. In addition, some patterns 
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appeared in PAN2 winch had not been identified in PANL This argues that there is nmch 
greater diversity in the library than is indicated by die PCR pattern groups winch we have 
identified. 

Example 4.4 

Binding Analysis erf Selected Clones from Mouse RT3 Phage Antibody Li br ary 

Several mouse RT3 phage antibody clones isolated from PAN 2 (see Table 1, Example 
4.3) were characterized further in terms of binding specificity. Analysis was done using a 
competitive inhibition format, in which the antibody is first reacted with free hapten oar product 
or portions of hapten and product, prior to addition to RT3-BS A coated wells as described in 
detail below. 

The clones selected for analysis and their corresponding PCR pattern (see Table 1, 
Example 43) were: 50 (PCR B), 64 (PCR A) f 68 (PCR D), 71 (PCR EU 80 (PCR Q, 84 
(PCR A), 95 (PCR I), 96 (PCR A), and 97 (PCR A). Soluble scFv was purified from 50 ml 
cultures of each done using the IMAC protocol described in Example 4.1, except bound 
antibody was elmed with 50 mM EDTA, 0.5 M Nad The scFvconcentranon for each clone 
was estimated from silver stained SDS polyaaylamide gels by running a portion of the elmed 
protein on a gel containing appropriate scFv concentration standards. The scFv protein was 
diluted to 4 ug/ml and then serially darned V2 across 11 wells of RT3-BS A coated ELBA 
plate. The concentration of scFv giving 50% of the maximum ELBA signal was determined 
from fte titration. This concentration of scFv was used for a subsequent competitve inhibition 
assay described below. 

A competitive inhibition ELBA assay was pe rfor m ed by incubating scFV (at a 
concentration as determined by titration above) with 100 uM of each of the following 
compounds: RT3 hapten (Compound 7, Figure 1), left hand portion of RT3 hapten (designated 
RT3A, Compound 8, Figure 2X right hand portion of RT3 hapten (designated RT3B, 
Compound 12, figure 3), The left and right hand portions of die expected products from the 
esteriolyric cleavage of substrate (Compound 15, Figure 4) designated Product A 
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(Mesitylacetic acid, Figure 4) and Product B (Compound 13, Figure 4). The scFv was 
preincubated with the the inhibitor compound in tubes at room temperature for 1 hour prior to 
addition to RT3-BSA coated ELISA wells. The results of the assay are shown in Figure 8. 
* The OD415 rim readings have been normalized to a value of 1, which represents die ELBA 
signal seen for die corresponding scFv in the absence of added competitive inhibitor. The 
results show all of die clones with die exception of 68 and 71 are inhibited in their binding to 
RT3-BSA with free RT3 hapten. The clones which did not show inhibition with free RT3 
were shown to have cross reactivity with BSA. Clones 64, 84, 96, 97 and 50 also show 
binding inhibition with RT3 A andto a lesser extent with Product A. No inhibition is seen for 
any of the clones tested with RT3B or Product B. 

Example 4.5 

Sequencing Of Mouse Anri-RT3 SCFv(s) 

Although a large proportion of clones from PAN1 and PAN2 fall into the PCR A 
pattern group, it was not clear whether clones in this group were identical or diverse, and so a 
number of these clones were sequenced. Furthermore, in an attempt to determine whether the 
same heavy and light chains were being used within other major pattern groups, some 
representative clones from the other major groups were sequenced. 

Single stranded DN A was prepared from those clones which are emboldened in Table 1 
and sequencing was carried out using the Sequenase kit (USB, Cleveland, OH). Sequence 
alignments to Genbank germline sequences and between clones were done using the 
"Mac Vector™" (EBI, New Haven, Connecticut) p m gn m > Since the sequences at the 5 1 and 3* 
ends were encoded and enforced by PCR primers, these were "removed" for alignments. In 
the presentation of light chain sequences, the primer encoded sequences are not shown but the 
primers which were used are indicated in the right hand column. For the heavy chains, since 
the 5' primer is a single but degenerate primer, die sequence introduced by this primer is 
shown in each case. For comparison, die actual heavy chain primer sequence is shown at the 
5* and 3* ends of each clone. The sequence of one clone is presented cm the top line and the 
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dtfferences from this sequence are indicated for the other clones. AflPOlAmmanoasshown, 
which giveriseto antacid, changes were re^ on tl* seou^g gels. Forthehcavy 
chains of pattern A, all unique changes were re-checked on the sequencing gel, and changes 
wbchcxxaredinannrnberof clones ^ttotkidaaulcmcntte^^^ 
change. 



Light Chain Sequences Of Mouse RT3 Binders 

As shown in FIG. 9, eight different light chains have been used with the 15 different 
clones from pattern A. The chain associated with clones mR6 a*I mR8, diffen from the 
germline V gene by a single silem nucleotide change. The chain used in mR9, mR18 and 
n^diffefon.n^ea^drnRgbyanadditic^ 

share the same protein sequence as the germline. aonesmR9 and mR27have used different 
Primers to derive the same sequence, *k^to^mU a & M ^4& am 

sequence. 

OonesmRSandxru^Sare identical m the sequence wn^ 
also used different primers from each other. The seq^ which inR3 and mR25 share in 
common, differs from mR6 and mR8 by 2s^ aa a^ch^^2^^ ns m t gra 
2 amino acid changes in FR3 and CDR3. Most changes have occurred in the Hght chain shared 
by clones 14,30, 36. 84, and 96. In these and in afl the od«l| l h t eWDi«fA| l|nB p. 1BOIl 
amino acid changes are clustered in FR3, CDR3, and FR4. 

One can envisage the basic germline clone represented in mRfi/8 or mR9/25, changing 
S to N in CDR2 and then changing in 3 different ways to give the clcn.es represent 
and 14 (+ 4 others). Similarly, there may have been a change of Y to F in GDR 3 from the 

samestanmgpomt^givmgrisetomRSandmRlS. A third series of changes may have given 
rise to mR24. 

The Ugnt chain associated with pattern C (cloiiemR^isalso slic^mHG.gah^ied 
with me germline sequence used mi )attern A clones. The pattern CUght chain appears to be a 
more highly mutated form, derived from thesan»germhneasusedmpatiEm A. 
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Qones representing the other PGR patterns appear to use different gennHne derived 
sequences. The relati on s hi p of these other clones to their nearest germlme is shown in HG. 
10. In pattern B (50, 69), 2 nucleotide changes from gennline give rise to 1 amino add 
" change. In panern D (10, 43, and 68, and 83), 8 nucleotide changes from gennline give rise to 
5 amino acid changes* In pattern I (95), 2 nucleotide changes from gftrrniim* give rise to 1 
sftrpnn acid change. 

FIG. 11 shows the relationship of the different light rhnm sequences to that of partem 
A (for mR6, 8), There is a great deal of difference between them. For patterns D and I, only 
the protein sequence is shown, since the nucleotide sequences have many differences. The 
latter two groups have longer CDR2s than the otters. 

Heavy Chain Sequences Of Mouse RT3 Binders 

Analysis of the heavy chain sequences associated with PCR pattern A, reveals that, as 
for the light chain, they arc all closely related but in most cases aie different from each other 
(Figure 12). The alignment to gennline is less clear in these samples. The closest gennline 
belongs to sub-group VH-II, but there are numerous differences from this gennline, in the 
isolated clones. In addition, there appears to be a greater number of amino acid changes 
between clones. As expected the changes are clustered in the CDR(s). 

The heavy chains of pattern B (FIG. 13), ahgn to a cMerent gennline and again shows 
numerous changes from this. All 4 clones in this group appear to be Vi^tical. Thus it appears 
that the clones sequenced from pattern B are multiple isolates of the $ * nr antibody. The clones 
represented by pattern D are all identical to each other and, excluding the sequence of CDR3, 
differ from the closest germEne by 4 amino adds (Fid 13). 

Hie alignment of all the different heavy rh^n patterns with that of pattern B is shown in 
FIG. 14. The heavy chains of pattern C (80) and pattern I (95) are closely related to that of 
pattern B. Pattern C differs by 4 amino acids. Pattern I differs by one silent mutation and one 
amino acid change. Interestingly, the heavy chain associated with patterns B, C and I has a 
CDR of only 3 amino acids. 
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The amino acid change in mR95 appears to introduce an amber codoa This would 
introduce an amino acid at this position when the suppressor line TGI is used in the 
preparation of phage, but would be expected to act as a stop codon, in die non-suppressor line 
HB2151 used in the screening of soluble antibodies. 

* 

Diversity Of Clones In Pattern A 

Table 2 collates the information derived from sequencing the clones in PGR pattern A. 
Each different light chain sequence in the group is given a label ai-avSL different heavy 
chain sequence in the group is given a label Ai- Ax. 
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TABLE 1 Chain usage of mouse RT3 Wnders-PCR pattern A) 
LIGHT CHAINS 



HEAVY CHAINS 


ai 


aii 


aiii 


aiv 


av 


avi 


avii 


aviii 


Ai 
















14,30,36, 
84,96 


Aii 






3 












Aili 












4 






Aiv 










24 








Av 




9 














Avi 


6,8 
















Avii 








64 










Aviii 














97 




Aix 




27 














Ax 






25 













Clones 14, 30 t 36 (PAN1) 84, 96 (PAN) 2 are identical and probably represent 
duplicate isolates of die same initial clone. Clones 6 and 8 are also identical to each other. 
Otherwise, every clone is different There are two cases where the same light chain has been 
used with two different heavy chains (aii in mR 9/mR27 and aiii in mR3 and mR25). As 
described earlier, the light chains in each pairing used different primers. Apart from the 
duplicate is ol a t es, there are no cases here, of the same heavy chain being used in different 
clones. 

These PCR and sequencing experiments suggest that there is indeed a great diversity in 
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the mouse library both at the gross scale, as judged by PGR analysis, and at a more subtle 
level, as judged by sequencing. 

Example 5.1 

Screening of scFv Molecules for Catalytic Activity 
1. Initial Selection 

An eaiiy screen protocol was used to rapidly select a subset erf potentially catalytic scFv 
molecules from the large number of scFv fragments that had been selected on the basis of 
hapten affinity. 

a) Immobilization: The scFv fragments that bound to hapten in an ELBA assay 
were selected for screening to detect catalytic activity. A 96-wril Milliliter GV filtration plate 
(Mffiipore) was pre-wetted and washed in PBS containing 0.05% Tween-20. Suspensions of 
scFv fragments immobilized on anti-mvc antibody Protein A agarose (vide infra, also see 
Example 6.1) were each transferred to separate wells in the 96 well filter plate. Residual 
supernatant was removed by aspiration through the filter plate. The immobilized scFv 
fragments were washed in the wells by filtration at 4° C with PBS/Tween (5 x2Q0(iL), PBS 
(3 x 200 jiL), and 25 mM HEPES, pH 7.0, 140 mM Nad, 0.01% NaN3 (3 x 200 \sL). 

b) Incubation of scFv and substrate: To immobilized washed antibody was added 
200 jiL of approximately 50 \*M substrate (1) in 25 mMHepes, pH 7.0,140 mM Nad, 0.01% 
NaN 3 was added. Following incubation at room temperature (approximately 22* C) for 
approximately 24 hours after which substrate solution (but not beads) was withdrawn and 
frozen (-20*0 until analyzed by high perfonnance The same 
96 well plate, still containing immobilized scFv, was washed with 4 x 200 nL/wefl with 10 
mM Tris, pH 9.0, 140 mM NaQ, 0.01% NaN 3 - Again, 200 nL of 35-50 jiM of RT3 
substrate (Compound 15, FIG. 4) was added, this time inthepH 9.0 buffer described above. 
The scFv fragments were incubated with compound 1 far 3 hours and, as at pH 7.0, substrate 
solution was withdrawn frozen for later analysis of product formation. 

c) Analysis of Reaction Mixtures for Product Formation: To reduce the number of 
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samples, pools of generally two or three reaction mixtures (50 |iL of each reaction mixture) 
were subjected to HPLC analysis. Mixtures (100 or 150 yL) were centrifuged in an Eppendorf 
centrifuge to prevent any cany-over of the agarose onto the HPLC system. Samples were then 
injected onto a Waters HPLC system equipped with a Vydac C-18 analytical reverse phase 
column. Components of the eluent were separated using a linear gradient over 30 minutes 
from 0.1% TFA in water to 0.1% TFA in acetonitrile. Product was detected and quanritated 
spectraphotometrically using a Waters spectral detection system, typically set at 215 or 270 
nm. 

Early screen analysis of 46 hapten-bintiing scFv fragments was carried out at pH 7.0 
and 9.0 to detect catalytic activity. HPLC analysis was carried out and peak areas determined 
for those sample pools which gave a peak at the expected retention time for the product The 
results aie summarized in Table 3 below. HPLC analyses of the reaction mixtures (as pods of 
2 or 3) indicated that at pH 7.0, one pool of three samples and one pool of two samples 
appeared to have substantial product formation. At pH 9.0 a number of pools showed 
product peak areas above background Three pools of three samples srnwed large product 
peaks with peak areas greater than 0.6 andthese were scored as being positive. Thus, early 
screen assays narrowed the number of potentially catalytic scFv fragments from 46 to 5 at pH 
7.0 and from 46 to 9 at pH 9.0. Three of the candidates atpH7.0 were the same scFv 
fragments as three of the candidates at pH 9.0. 
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HPLC Assay Results of Early Screen Phage Antibody Pools at pH 7.0 and 9.0 

ph 7.0 



SAMPLE 


PEAK AREA 


BLANK 


.18 


1A3 




4,5,6 


• 


8,11,12 


• 


14,16,17 




18,19,20 


0.52 


21,24,25 


m 


27,28,29 


■ 


30,31,32 




33,34,35 




36,37,38 




39,40,41 




42,44,45 


0.455 


46,47,48 


0.476 


50,65,76 


0.559 


83,97 


0.571 



47 



SUBSOTIUIE SHEET (RiiLE 26} 



WO 95/27045 



PCT/US94/D3420 



ph 9.0 



SAMPLE 


PEAK AREA 


BLANK 




W 


0.572 


4,5,5 




8,11,12 


0.674 


14,16,17 


0.581 


18,19,20 


0.79 


21,24,25 


0.522 


27,28,29 


0.5O4 


30,31,32 


0.627 


33,34,35 


0.496 


36,37,38 


0.492 


39,40,41 


0.492 


42,44,45 


0.470 


46,47,48 


0.471 


50,65,76 


0.511 


83,97 


0.407 



Individual clones from each of the aaive pools identified as above were rcassayed for catalytic 
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activity. Since the scFv remains bound to the anti-Myc agarose the same material used for the 
pool assays was reused for the assay of the individual clones. The results of the catalytic 
assays are shown in Table 4 below. The catalytic assay ^ntrfiH 6 clones: 1 1, 12, 18, 19, 30, 
^83, which gave a pnodna peak onHPLC done 83 was active at pH7.Q, but not pH 
9.0. Clones 18 and 19 were active at botiipH 7.0 and 9.0. Clones 11, 12, and 30 were 
active only at pH 9.0. 

TABLE 4 

HPLC Assay Results of Individual Page Ab Clones at pH 7.0 and 9.0 



ph 7.0 



SAMPLE 


PEAK AREA 


18 ,19 


0.556 


83 


2.04 


97 
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ph 9.0 



SAMPLE 


PEAK AREA 


8 


m 


11 


1.5 


12 


1.21 


18 


1.09 


19 




30 


0.96 


31 


• 


32 





Example 52 

1. Secondary Screening for Catalytic Activity 

To further examine the scFv fragments for catalytic activity, die potentially-catalytic 
proteins identified in the early screen described above were individnally grown and purified. 
Purification of the scFv was acheived as described in Example 6.1 using either IMAC or 
affinity chromotagraphy on anti-Myc-Protein A agarose. Assays were performed in the same 
buffer systems and pH values as in the early screen bm the antibodies were testt>A \rrt™A^y 
and they were not immobilized but free in solution. 

From these secondary assays, two scFv molecules, designated 18 and 83, catalytic 
activity was found. Clone 18 appeared to be active atpH 9.0 bmnot at pH 7.0 whfe 
appeared to be active at pH 7.0 but not at pH 9.0 or 5.0. Both activities were significantly 
inhibited by hapten (2) when 10 \iM antibody was assayed with 40 jiM substrate and 30 ^iM 
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hapten. These two clones were selected as candidates for large scale pmifcation of scFv as 
described below. The results of these assays are presented in Example 6A 

gxamnle ftl 

Large Scale Purification of scFv from Catalytic mRT3 Phage Antibody Clones 18 and 83 

Preparation of Periplasmic Lysates-£. coli HB2151 clones expressing soluble and- 
RT3 scFv were grown overnight in 2XYT containing 2% Glucose and 100 ug/ml ampicillin. 
Overnight cultures were used to inoculate 500 ml of 2XYTat a starring OD600 of 0.1 and 
cultures were shaken at 28* C for 3 to 5 hours until OD600 of L2 to L8. IPTG was added to 
1 mM final conccntrarion and shaking incubation was continued at 25* C for 15 hours. Cells 
were pelleted at 4,000XG for 1 0 minutes and pellets were resuspended in 6 ml of periplasmic 
lysate buffer (10 mM phosphate buffer, 1 M Nad, 1 mM EDTA, pH 7 J. Following 
incubation on ice for 30 minutes, lysates were cemrifuged at 6,0O0XG to remove cellular 
debris. PMSF was added to the cleared lysate at a final concentration of 5 ug/ml and lysate 
was stored on ice until purification as described below. 

Immobilized Metal Affinity Chromotagraphy QMAQ 

MgCfc was a dd ed to the periplasmic lysate to 1 mM final concentration and lysate was 
passed through a 1 ml bed volume NH charged sepharose column (Probond Metal binding 
Resin, Invitrogen Corp., San Diego, CA.) washed and equilibrated with 10 mM phosphate 
buffer,! M NaCL Column was washed with 10 bed volumes of 10 mM phosphate, 1 M NaO, 
pH 7.5 and bound scFv was eluted with 50 mM EDTA, 0.5 M NaCL Column eluate was 
concentrated and dialyzed into 7 mM phosphate buffer, 0.15 M Nad, pH 8.0 using a 
Centricon 10 microconcentrator (Armcon, Beverly, MA) following manufacturers instructions. 
(seeMoL£en^ioL5(1985):361(>-3616). For .some preperarions of scFv concentration of 
thelMACehjaie was not required. 

Ann-myc Peptide Affinity Purification- Monoclonal antibody 9E10 that recognizes a 13 
amino acid peptide tag at the C-terminus of the scFV was cross-linked to Protein A agarose 
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using an AfEnica Antibody Orientation Kit (Schleicher and Schull, Keene, NH) following 
manufacturers instructions. A 1 ml bed volume column was prewashed with 0,23 M Glycine, 
0,3 M Nad, pH2^ and reequilabrated with 10 mM Phosphate buffer, 0 StA Nad, pH 7.5. 
Periplasmic lysates were diluted with an equal volume of 10 mM phosphate buffer, pH7.5 and 
then passed through column. Column was washed with 10 bed volumes of 10 mM phosphate 
buffer, QSM NaQ and bound scFv was eluted with 0.23M glycine* pH15, 03M Nad For 
some preperations the column eluate was dialyzed and concentrated using a Centricon 10 
miooconcentrator as described above. 

Example 6.2 

Purification Of ScFv Fragments from Phage Antibody Catalytic Clones IS and S3 By 
Hydrophobic Interaction Chromatography 

Following IMAC or anti-myc peptide Protein A agarose purification of scFv derived 
from lysates of £. coli clones 18 and 83 (see Example 6.1), further purification of the scFv 
was accomplished on an alkyi superose 5/5 column attached to an FPLC system (Pharmacia). 

Chromatography was performed using a linear reverse gradient of (NH^O* in 0.1 M 
Na phosphate pH 7.0. This was formed from two buffers: 

Buffer A: 2M (NHO2SO4 in 0.1 MNa phosphate pH 7.0 
Buffer 8: 0.1 MNa phosphate pH 7.0 



Gradient conditions woe: 

0- 3ml: 10% Buffer B 

3 -39 ml: linear gradient, 10% - 70% Buffer B 
39 - 42 ml: Linear gradient, 70%- 100% Buffer B 
42 -44 ml: 100% Buffer B 
44- 46 ml; linear gradient, 100%- 10% Buffer B 
46-49 ml: 10% Buffer B 
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Samples were adjusted to a final concentration of 1.8 M (NSD2SO4 by the addition of 
0.733 vols of a saturated solution of (NEUhSC^ in 0.1 M Na phosphate (4.1 M (NKUhSO^t) 
and dilution with an appropriate volume of 10% Buffer B: 90% Buffer A to increase the 
volume to a value suitable, for injection onto the column. Fractions were collected and the 
peak(s) corresponding to ScFv identified by SDS PAGE as described below. These were 
pooled, concentrated and used in assays for binding or catalytic activity as appropriate. 
Elution of protein from die column was monitored by OD28O and plotted automatically. A 
typical chromaiogram for IMACpure scFv from clone 18 shows the bulk of the protein elutes 
in two distinct peaks. Fractions corresponding to each of the peaks were pooled as indicated. 
Peak 1 consisits of a broad shoulder eluting at 1725 to 21.90% Buffer B (Pool 1) followed by 
a sharp peak at 242% Buffer B (Pool 2). Peak 2 is a sharp peak eluting at 48.10% buffer B 
(Pool 3). Purification of the scFv was monitored by silver stained SDS/PAGE with the 
following results. Load material for the HIC column (IMAC pure scFv + (NH^SO^O 
showed >90% of die protein was scFv. At least four additional bands were also visible. 
Analysis of Pool 1 and Pool 2 obtained following HIC showed the majority of the scFv that 
was loaded was distributed equally in these pools and no substantial purification of die scFv 
was acheivedL Pool 3 contained a small amount of scFv and an flrif*iripp?j low trmi^ii^t 
weight band. 

The chromatogram for clone 83 shows the bulk of the scFv protein elutes in a single sharp 
peak at 54.7% Buffer B. A second minor peak of protein elutes during the final wash with 
100% Buffer B. Fractions corresponding to these peaks were pooled and analyzed by 
SDS/PAGE followed by silver staining. The column load material for HIC (IMAC purified 
material + (NH4>2S04 ) contained >90% scFv, After HIC the majority of the scFv is recovered 
in the single main peak eluting at 54.7% Buffer B. As with clone 18, no substantial 
purification of the scFv was acheived by HIC A small amount of scFv is found in the late 
eluting minorpeak. 
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Example 6.3 

Binding Assays of IMAC and HIC Pure scFv from Phage Antibody Catalytic Clones 18 and 
83 

Fractions or pools of fractions from the purification protocols described above (see Example 
6.1 or 62) were analyzed for RT3 binding activity using an RT3-BSA solid phase ELISA 
assay essentially as described in example 4.4. The fraction or fraction pools were first diluted 
15 or 1:10 in PBS/Tween-20 and then serially diluted 1:2 with PBS/Tween-20 across 1 1 wells 
of the RT3-BSA coated ELISA plate. The titer which gave die 50% maximal ELISA signal 
was determined for each sample analyzed. By multiplying this titer by the volume of the pool 
or fraction analyzed, an estimate of the number of binding units in each sample could be 
determined. This analysis showed that for done 83 even though majority of the scFv loaded 
on the HIC column was recovered it had less than 10% of the binding activity compared to die 
column load. This result suggests that HIC may be unsuitable for purification- of the scFv, 
since it may result in perturbations of the scFv protein smi c m e resulting in loss of binding and 
presumably catalytic activity. 

Example 6.4 

Catalytic Assays of IMAC and HIC Purified scFv from Phage Antibody Clones 18 and 83 

For clone 18 a typical catalytic assay was set up as follows: SO fxl of scFv was added 
to 145 *il of RT3 substrate (Compound 15, FIG. 4) and 5 jil of water or for some assays 5nl 
of RT3 hapten. A blank consisting of 50 pi of water and 147 [il of RT3 substrate was set up to 
monitor the background hydrolysis of the RT3 substrate. The reaction was allowed to 
proceed for 6 hours after which samples were frozen at -20* C to stop the reaction. Samples 
were analyzed by HPLC as described in example 5.1. The amount of scFv added to an assay 
typically ranged from 1 to 5 ug and protein was buffered in lOxnMHepes, 150 mM Nad, pH 
73. The typical RT3 substrate concentration was 50 uM buffered in 25 mM Tris-d pH 9.0, 
140 mM NacL and 0.01% NaN* 
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An HPLC profile showing a typical positive catalytic assay result for IMAC pure 18 
scFv is shown in Figure 15A. Figure 15B shows the HPLC profile of the same assay but 
done in the presence of RT3 hapten (Compound 5, FIG. 1). Finally, Figure 15C shows the 
HPLC profile of the blank (no added scFv). 

In a similar maimer assays of the fraction pools obtained following HTC purification of 
18 scFv (see Example 62) were also performed. A typical result for the assay of the main 
scFv-contaimng pool (Pool 2 as described in Example 62 above) is shown in Figure 16. 
Similar results were obtained from assays of Pool 1 and Pool 3 (data not shown). 

Assay of IMAC or HIC purified scFv from clone 83 was done in a similar manner as 
described for clone 18 with the following exceptions. Substrate was buffered in 25 mM 
HEPES, pH 7.0, 140 mM Nad and 0.01% NaN 3 . Due to the lower background hydrolysis 
of RT3 substraie at neutral pH, reactions were typically run for 24 hours. An HPLC profile of 
a positive catalytic assay result for IMAC pure 83 scFv is shown in Figure 17A. The same 
assay repeated in die presence of RT3 hapten is shown in Figure 17B. A blank was also 
analyzed and gives a profile similar to the that in Figure 17B (data not shown). A catalytic 
assay of the main scFv containing pool obtained following HIC (see Example 62) is shown in 
figure 18. 

It should be noted that the retention times of the expected product peak as well as non- 
prodnctrelaied peaks varied from run to runontte HPLC The reason far this variation is not 
known. Test runs of the RT3 product (Compound 13, FIG. 4) alone on HPLC and 
monitoring at 215 nM showed a distinct peak profile was produced This 215 nM profile was 
used as an internal control to accurately determine the position of the product peak on the 270 
nM profile for each HPLC run. 

Conclusi o ns from the results of the catalytic assays performed as described above are as 
follows. IMAC pure scFv from both clone 18 and 83 is able to hydrolyze the RT3 substrate 
and produces a product peak that elutes from the HPLC column at the correct retention rime. 
In the presence of RT3 hapten, catalysis is completely abrogated presumably due to the much 
tighter binding of the RT3 hapten in the antibody pocket compared to the RT3 substrate. This 
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is further evidence thai the scFv is responsible for catalysis since it is unlikely that natural 
esterase exists which is capable of specifically recognizing and binding the RT3 substrate or 
hapten with high affinity. 

Following HIC purification of scFv for either clone 18 or 83 no catalytic activity was 
observed in the scFv containing fractions. Loss of activity could possibly be due to instability 
of the scFv resulting in unfolding or aggregation. Instability of the scFv for clone 83 was 
clearly demonstrated by the loss of binding in the assays performed on HIC purified scFv as 
described in Example 63 

Eaamplq?,! 

Isolation Of Binders To The Transition State Analogue, RT3 From A Naive Human Library 

It has been demonstrated that immunization schemes can be by-passed and that low and 
moderate affinity human antibodies (Kds down to 86 nM) can be isolated directly fam hmmn 
antibody libraries derived from non-immunized sources (Maris et aL, J. MoL BioL 222 
(1991):58 1-597). This approach could provide a starting clone (or clones) which could be 
improved by a number of approaches as described by example below (for related examples see 
Maries et aL, BioTechnologv 10 (1992):779-783). These approaches could, therefore, lead to 
the isolation of entirely human catalytic antibodies which could prove extremely valuable, 
particularly in the area of therapeutic catalytic antibodies. 

The non-immunized human library described in Marks et aL, J. MoL. Biol. 222 
(1991):581-597, was panned against RT3-BSA, coated onto tubes as described for the 
irnmuniTed mouse library except 100-200 ng/mi RT3-BSA coating concentration was used. 
The progress of the purification schemes was monitored by ELISA(s) using polyclonal phage. 
Polyclonal phage derived from 2 rounds of panning against RT3-BS A (RT3BS A2) gives a 
signal which is visible after overnight incubation with substrate. Polyclonal phage derived from 
3 rounds of panning against RT3-BSA (RT3BSA:3) gives a strong signal on ELISA (1 OD. in 
5 minutes). No binding to BSA was observed and binding to RT3-BSA was inhibited by 
pre-incubation with 10-100 jigfal of soluble, unconjugated RT3 suggesting that it was specific 
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for RT3 (not shown). 

Individual clones derived from 3 and 4 rounds of panning were examined for binding 
using methods as described in example 4.3. Before beginning to screen oa a large scale, the 
minimum ELBA coating concentration was determined. Reducing antigen concennation from 
100 ^g/ml to L6 fig/ml (100 pJ/well) causes only a 30% reduction in signal (data not shown) 
2 Jig/ml concentration was, therefore, used in all subsequent ELBA screenings 

144 clones derived from 3 rounds of panning were examined by ELBA assay for 
specific binding to RT3-BSA using 100 jil of culture supernaiantfiomlFTG induced HB2151 
clones. As shown in FIG. 19A , 40 clones gave strong ELBA signals (0.7 to 25 OX), after 
overnight incubation with substrate) and 27 gave moderate signals (0.2-0J OJ). after 
overnight incubation with substrate). FIG. 19B shows die results for 48 clones derived from 4 
rounds of panning a ga i ns t RT3-BSA. From this 39 clones showed strong ELBA signal (0.7- 
2.5 OiX) and 1 moderate ELBA signal (034 OJD.). 

PCR analysis and Bst Nl digestion revealed that all the the good binders examined 
from both rounds of panning shared a common PCR pattern and all but one of the weaker 
binders examined shared a common PCR pattern which is different to that of the high binden. 
One additional pattern was found associated with one of the weak binders. It is interesting to 
see enrichment with successive rounds of panning of the clone associated with high ELBA 
signal relative to that for moderate signal, as previously described by Oackson et aL, Nature 
352 (1991):624-628. 

Sample 7.2 

Sequence Analysis Of Human RT3 Binders 

Sequencing was carried out on various members of each PCR pattern group as shown 

below: 

PCR1=RT3:1,4,5, 41, 63, 80. 
PCR2= RT3:47, 54 
PCR3=RT3:61 
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nucleotide and deduced amino acid sequences of each group FIG. 20. 



Example 8. 1 

Chain Shuffling Of Human RT3 Binders 

The scheme used for chain shuffling is shown in FIG. 21. All of the scFv clones in ihe 
human or mouse libraries share certain common sequences including the plasmid sequences 
upstream of the heavy chain, the linker sequences between the heavy and light chains and gene 
3 sequences downstream of the light chain. Primers were selected/synthesized from these 
areas to provide a general means of ampifying cloned heavy or light chain V regions. Thus, 
PCR using the primers LMB3 and PCRHLINK will give rise to a heavy chain product while 
the primers FDTSEQ1 and LINKPCRL will give rise to a light chain product LINKPCRL 
and PCRHLINK are complementary and so provide a means of linking the products. In this 
way, the separate heavy or light chains from each clone can be linked to a whole population of 
complementary chains derived from the initial library. The linked product acts as a template for 
a secondary PCR using the primers LMB3 and FDTSEQ1 and the secondary product is 
digested with Sfil and Notl for cloning. The primers were chosen to enable a change in 
fragment size to be observed following each digestion step. In addition, the efficiency of 
digestion is probably improved by having a relatively large overhang upstream of the restriction 
site. 

Method For Chain Shuffling 

The following primers are used: 



FDTSEQ1 5'GTC GTC TTT CCA GAC GTT AGT 3' 

LMB3 5'CAG GA A ACA GCT ATG AC 3' 

PCRHLINK 5'ACC GCC AGA GCC ACC TCC GCC 3' 

LINKPCRL 5'GGC GGA GGT GGC TCT GGC GGT 3' 
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Primary heavy and light chain PCR products are prepared in the following reactions: 



HEAVY 

LMB3 primer 
(lOpmoles/ml) 
PCRHLINK Diimer 
(lOpmoles/ml) 
10X PCR 
reaction buffer 
5raM each clNTP's 
Taq polmerase 
(5V/m\) 
water 



2 Jul 

2.5p.l 

5.0pJ 
2.5pJ 

0.3pJ 
37pJ 



LIGHT 
H3TSEQ1 primer 
(lOpmolesAnl) 
LINKPCRL primer 
(lOpmoles/m!) 
10XPCR 
reaction buffer 
5mM each d NTT's 
Taq polymerase 
(5U/ml) 
water 



2.5fil 

2.5^1 

5.0nl 
2.5*11 

0.3*11 
37nl 



PCR conditions are 25 cycles of 94' C 1 minute, 60' C 1 minute. 72' C 2 minutes with 
afinal 10 minutes a, IT C For isolated clones template can be most simply provided as a 
toompickir.oculumtoabacterial colony. For libnuy material, DNA was prepa.d lro m a 
frozen bacterial stock a*, 2-lOngadded to *e reaaion. Primary PCR products were puri^ 
on agarose gels and purified using 5 0 of Geneclean "glass milk" (Bio 101. La JoUa. CA) with 
two elutions in water of 10 ji! each. 

Assembly is carried out as follows: 



purified heavy 
purified light 
10X reaction buffer 
5mM each dNTP(s) 
Taq polymerase 



water 



2.5 Hi (20-50 ng) 

ZSjU (20-50 ng) 

2jU 

1.0(11 

0.2 jil 

37 fil 



PCR conditions are 25 cycles of 94 # C 1 



minutes at 72* C 



minute, 65" C for 4 minutes with a final 10 



For secondary PCRs, 1 M l 0 f the linked material was used as template. The 
was set-up as follows: 



reaction 



linked PCR product 
LMB3 primer 
(lOpmoles/ml) 
FDTSEQ1 primer 
(lOpmoles/ml) 
10XPCR 



l|il 
2.5 nl 
2.5 pj 
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reaction buffer 5.0 ul 

5mM each dNTP(s) 2^5 \ii 
Taq polmerase 

(5U/mI) o.3 ul 

water 37^1 

PCR conditions are 25 cycles of 94* C 1 minute, 60' C 1 minute. 72' C 2 minutes with 
a final 10 minutes at 72* C (5 pi can easily be seen on a gel). 

The secondary product was extracted with phenolrchloroform and precipitated with 
ethanol, to remove Taq polymerase. The PCR product was digested overnight at 50* C with 
Sfil according to manufacturers instmcdons. Next day 1/lOth volume of 1M Nad was added 
to give a final concentration of 150 mM NaCl and Triton-XlOO added to a final concentration 
of 0.01% before digesting with Notl for 3 hours at 37' C. The digest was treated with 
phenoirchloroform, precipitated, dissolved in HjQ and purified by running on a 1.5% agarose 
gel and purified with "Geneclean"(Bio 101, La Jolla . CA). The DNA was eluted into a final 
volume of 10-15 }il and cloned into the Sfil/Notl site of pCANTAB5 his-6. ' 

Plasmid DNA of pCANTABS his-6 was prepared by the alkaline lysis method and was 
purified by cesium chloride centrifugation. The purified DNA was digested at a DNA 
concentration of 100 ng/ml with Sfil according to manufacturers instructions (50* C for Sfil. 
overnight ) followed by a 3 hour digestion with Notl. The digestion product was loaded on 
directly on to a Chromaspin 1000 column ( Clontech. Palo Alto. CA ) to remove the stufler 
fragment and spun for 3 minutes at 2200 rpm in a bench top centrifuge. The DNA was then 
phenohchloroform extracted and dissolved at 100^g/ml for use. 

Ligations are carried out using an Amersham (Arlington Heights. IL) ligation kit as 
follows: 



Vector DNA l|il(100ng) 

HS^SS^. 2nl(10-50n g ) 
lOmMMgO, 

200mMTrispH7.4 3 Hi 

buffer A 24 |il 

buffer B 6 ill 
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Incubate for 30-60 minutes at 16' C For library preparation, 5 times the volumes 
shown above were used. The ligation product was concentrated and purified using Geneclean 
and eluted into a volume of 10-15 |xl of water. This was introduced into electrocompetent T 
phage resistant TOl cells using a Bio-Rad (Hercules, CA) electroporator, according to 
manufacturers instructions. 

Three clones, hRT3-l, hRT3-47, and hRT3-61 isolated after four rounds of panning of the 
naive human library (see Example 5.1) were used as templates for the chain shuffling profcol 
described above. As described in Example 5.2, sequence analysis showed each of the three 
clones were unique from each other in terms of VH and VL gene usage. Six different libraries 
were prepared. In each case, the name of the library refers to the fixedchain and the clone 
number from which it was derived. Thus, H47 is a library with a fixed heavy chain from 
RT3:47 combined with a library of human light chains. 
The library sizes obtained were as follows: 

TABLE 3 

Library Size(X 10$) Proportion with insert 

HI 7.8 9/10 

H47 6.2 8/10 

H61 6.8 9/10 

U 9.6 9/10 

L47 9.8 9/10 

L61 8.4 8/10 

PCR using the primers FDTSEQ1 and LMB3 was carried out on 10 colonies from each 
library to determine the proportion with insert The results are shown in the table above. In 
addition the PCR products were digested with BstNl to determine the diversity. It should be 
remembered, however, that approximately 2/3 of the sequence (of any given clone) in the chain 
shuffled library, is now fixed and that different members of the same V gene family may give 
the same "BstNl signature". Despite this, none of the library members had the pattern 
associated with the original clone. In some cases, patterns were found in duplicate within 
some libraries and one pattern may have appeared 3 times in the HI library. 
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Example 8.2 . 

Panning Human Chain Shuffled Library 

Phage prides were rescued from the libraries as described in Marks et al 
AtatfHoiKlO (1992):779-783. Phage from pairs of libraries derived from the same' 
starting clone were pooled and panned against RT3-BSA (e.g., HI and LI). Panning and 
rescue were done essentially as described in Marks e, al., LMLML 222 (199 1):58 1-597). 
except Nunc (Karnsmip, Denmark) immunosorb tubes were coated overnight with 1 ml of 
RT3-BSA at 20 rtg/ml. Coating ami blocking were done in phosphate buffered saline (PBS) as 
before. The equivalent of 20 mis of phage was used in a final volume of 800 M I of MOPS 
buffered saline (MBS) with 2% dried milk powder. Washing, elution. infection, and rescue 
with M13 helper phage were as described above. 

"Polyclonal- phage derived from either the unpanned libraries (PAN0). from the first 
round of panning (PAN1). or from 2 rounds of panning (PAN2) were used in an ELISA to 
determine the progress of the panning process for each pair of libraries. 

As shown in FIG. 18, no signal was observed from PAN0 samples. Low level signal 
« observed in PAN1 samples derived from RT3:1 and RT3:47 and there is a marked 
improvement in PAN2 samples. With libraries derived from RT3:61, ELISA signal is still 
relatively low after two rounds of panning. The ELISA results are mirrored when the eiuate 
from each round of panning is quantised * shown jnTaWc 4 ^ 
are eluted from the second panning. The numbers of phage yielded from PAN1 andPAN2o„ 
the H61/UJI libraries is lower than the corresponding yield from Ill/Ll and I147/L47 libraries. 



TABLE 4 

Yield of phage from pannings (X106) 

shuffled shuffled shuffled 

RT3:1 RT3.-47 RT3.61 

eiuate of PAN1 . , 

u 2.9 0.34 

eiuate of PAN2 11nn tenn 

1300 1600 200 
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input phage approximately 2- 10 X 1012 

Table 5 shows the proportion of positives derived from panning the reshuffled human 
binders. For reshuffled RT3:1 and RT3:47, even after one round of panning the majority 
scored positive. Since polyclonal phage from reshuffled RT3:61 was negative after PANJ, 
and positive after PAN2, individual colonies were only analyzed from PAN2 from this library. 



Table 5 Proportion Of Positives From Reshuffled Human Libraries 



POPULATION 


PROPORTION 
POSITIVE 


NUMBERS 
RE STREAKED 


RT3:1 Reshuffle 

PAN1 

PAN2 


39/44 
42/44 


28 
15 


RT3:47 Reshuffle 

PAN1 

PAN2 


29/44 
35/48 


25 
28 


RT3.-61 Reshuffle 
PAN2 


44/96 


37 



Positive clones were restreaked and retested for RT3 and BS A binding. All reshuffled 
human libraries gave rise to a high proportion of binders after 1-2 rounds of panning. These 
have been grouped by PCR/BstNl digestion (using FTDSEQ1 andLMB3) into 9 PCR pattern 
groups for the RT3:1 reshuffled library, 4 PCR pattern groups for die RT3:47 reshuffled 
library and 8 PC& pattern groups for the RT3:61 reshuffled library as shown in Table 6 below. 

There is a strong possibility that a heavy chain shuffled, with a library of light chains, 
will pull out different light chains, which are related to eadiodier, and so 4e potential for PCR 
pattern diversity is reduced. Oarrveisely.ttkEkelytb^adegree 
sequencing, even within a given PCR grouping. 
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Table 6. Grouping Of Human RT3 Binders According To PGR 



A. RESHUFFLED CLONES ARISING FROM HU RT3:1 



PCR Pattern 


Sample No. 


A 


PAN1-1,5,6.9,[10], 12,21,27. 
PAN2-31 , 34, 35, 36, [38], 41 , 42. 43. 


B 


PAN1-2, 3, 4, 8, 11, 13, 22, 24 [25]. 
PAN2-30.39. 


C 


PAN1-R], 14, [15], [19], 23. 
PAN2-29, 33. 


0 


PAN1-17,[18],[26]. 
PAN2-{44]. 


E 


PAN2-32, 4Q 


F 


PAN1-[20]. 


G 


PAN1-28. 


H 


PAN1-16. 


I 


PAN1-37. 



3f All samples from RTfcl were negative for BSA binding apart from a vwy low level in sa 
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B. RESHUFFLED CLONE ARISING FROM HU RT3:47 



PCB Pattern 


SarroleNo. 


A 


PAN1-2* 4, 12,17,20,21,22. 
PAN2-4. 5. 6, 7, 27, 28, 29, 31 , 33, 40, 41 , 42, 44, 48, 
49,51,52,53. 


B 


PAN1-9, 10. 


C 


PAN1-1. 
PAN2-37. 


D 


PAN1-3, [26]. 


Pattern 
Unknown 


Negative on re-screening 

PAN1-13, 14, 15, 16, 18, 19, 23, 24, 25. 

PAN2-30, 32, 34, 35, 36, 38, 39, 43, 45, 46, 47, 50. 

Binder to BSA 

PAN1-11 
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C. RESHUFFLED CLONE ARISING FROM HU RT3:61 



. PCR .Pattern 


Sample No. 


A 


PAN2-2. 8, 10, 11. 13, 14, 15, 17, 18, 20. 21, 23, 24 
25. 26. 28, 29, 32, 34. 35. 


B 


PAN2-16. 30, 33. 


C 


PAN2-4. 


D 


PAN2-& 


E 


PAN2-12. 


F 


PAN2-9. 


va 




H 


PAN2-31. 


Pattern 
Unknown 


Negative on re-screening. 
PAN2-1. 3, 5, 27, 36, 37. 
Positive on re-screening. 
PAN2-7. 
Binder to BS A. 
PAN2-19. 



Footnote: 

K.i-> u Sampl ? arcfBlabdlai hu(original done nmibeDacshnffled clone mmber eg. hu 
47: 12hurnan clone denved fiom chain shuffling done RT3:47 than the first wmninJSnd 
numbering denvaave 12. For raesemarion here, only the clone nianber is given. 
I: rJ^^y^Ty S^tT" ^ ^ starting clones, is 

y San^les in hradcets had been scored pc«i^ 

S^S D§ Dt * P 03 "^ This is either clue to rrnxedcoicines^ 

were variable expression from (fa ff uu il ut ep diauun or inidal false positives. Seanendnswas 

crmed om on a numhs (»f cloro derived 



In an arten^t to determine whidi antibody chain 
ctone, separate PCR of nte heavy and fight Y gen 

either FDTSEQ1 or Ui^3 in conjunajra with prm^ located in the sequence encoding the 
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flexible linker peptide between the chains (PCRHLJNK andUNKPCRL). Pans of clones 
from each PCR group were analyzed (underlined in Table 6). This tesuk indicates that all 
heavy chains, with the exception of hn61:16 and hn61:33 (pattern B) had the same heavy chain 
:asthe original isolate. These two clones now have a heavy chain ptnwn y> pr?.^ ^ 
a light chain partem which may be similar to the parent clone, RT3.-61. Reshuffled clones 
which had been described as having the same PCR pattern (from PC3Wigest of whole SCFv, 
ran on 3 % gel) now show subtle differences (from PCR/digest of individnal fight <*™i. run 
on 4% gel). Thus, differences were found between hul:l 1 andhul22 (partem B), hnl:17 and 
hul:26 (pattern D), hul:32 and hul:40 (pattern £). For clones derived from RT3:47, 
differences were found between light chains of hu47:9 and hu47:10 (partem B), hu4737 and 
hu47:l (pattern Q. For clones derived from RT3:61, differences were found between fight 
chains of hu61:13 and hu61:24 (pattern A). This analysis, therefore, reveals even greater 
diversity between the clones. 

Sequencing was carried out on clones derived by shuffling RT3:47. (emboldened in 
Table 5). Analysis of the heavy chains shows that with the exception of hu47:7, the sequence 
is identical to the original heavy chain. (Clones analysed were hn47:l, 2,3,5,6,8,9, 10, 12, 
20, and 21). fa hu47:7 a valine in CDR2 is converted to an alanine by a T to C change. 
Sequencing of the light chain was carried out on the clones nnriwWd in Table 5. 

Example 9.0 

Directed Selection Using Specific Elation/ Cccrpemrve Binding 

It is hoped that panning procedures using competition tor binding (e.g^ with reaction 
products) or specific elurion (e.g., with smaller phosphorates) can be used to control the 
panning process. A greater degree of flexibility could be exerted if such procedures were 
carried out in ELISA wells. Thus, following a particular procedure, the eluate could be 
collected and the whole plate carried through a detection rnxxsdure. Based on the results, the 
elnate from specific wells could be selected 

In an experiment to examine the elution from 96 well plates using 100 mM 
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triethylamine, it was found that the overnight ELBA signal following elution, went fiom 0289 
to 0.019. (Using 2J X 10" polyclonal pfaage/well derived from one round of panning the 
- shuffled human RT3:47 library (47PAN1 phage). Titration of the eluate showed that 7.5X 107 
infectious phage were collected, Le^ 0.03% of input This compares fcvorably with elution 
from Nunc inmumosorb tubes where 1.6X 10* infectious phage were yielded from an input of 
IX 1013 for the same sample, Lc, 0.016% (see Table 3). By this type of approach, a range of 
specific elution procedures could be compared and the most suitable samples infected into E. 
coli for farther work. 

The minimal transition state analogues, equivalent to die left and right hand of the RT3 
molecule, will be referred to as RT3a (Compound 8, FIG. 2) and RT3b (Compound 12, FIG. 
3). The left and right hand products of substrate cleavage will be referred to as product A 
(Mesitylaceticacid,HG.4)ari In cmfcr to determine the 

optimal concentrations of the various components required forpanmng/ehmon of the original 
mouse library, a dilution series was prepared for RT3, RT3a, RT3b, and both reaction 
products (product A and product BX These were pre-incubated with 100 fil of lOx polyclonal 
phage derived from one round of panning the mouse RT3 library (using triethylamine elution). 

The results of this analysis are presented in FIG. 23A and 23B. The most effective 
inhibition occurs with RT3 itself. It is clear that binding of this selected phage population is 
inhibited to a far greater extent by the left hand TS A and product (FIG. 23A) than by the right 
hand portions (FIG. 23B). Indeed, it is not at all clear if any inhibition occurs at the 
concentrations tested with right hand TSA or product. Furthermore, it appears that there is 
greater inhibition by the left hand TS A than the left hand product 

Specific elution was attempted using the original unpanned mouse library. This was 
carried out by binding 200 ^1 of lOx phage concentrate to ELISA wells coated with 150 (il of 2 
tig/ml RT3-BSA and blocked with 200 jU of 2% MarveL Phage were allowed to bind for 1 
hour and were eluted by adding 200 nl of the following: 
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0.05pM,0_5uMor5pMRT3 
5 pM, 50 pM or 500 nM RT3a 
5 pM, 50 pM or 500 pMRT3b 
100 mM tnetfaylamine 

Phage derived from two 15 nrinote elnnons woe pooled and TmqtnxhwTd into TGI or 
HB2151 cells. FIG. 24A plots die yield of phage under each set of conditions. Triethylanrine 
gives approximately 10*pliagefromaniiromequwakntto^ This is 

in line with the successful panning described m the previous repots which has 
the mouse clones described earlier. In thai experiment, approximately 105 phage were derived 
from an input, equivalent to 20 ml of culture supernatant. Ehmon with RT3 and RT3a gives 
rise to a greater number of phage than triemyiamtne. RT3b gives a level of elation equivalent 
to or just greater than that achieved in a "buffer only" control. 

This experiment was repeated, but a higher coating concentration of RT3-BS A was 
used (1 00 pg/ml), and volumes were adjusted to ensure that coating and blocking volumes 
exceeded the volume of input phage (to prevent any background problems associated with 
non-specific sticking of phage up the side of the well). In this experiment (Figure 24B), the 
overall yield of elated phage in all samples was reduced from before. 

Polyclonal phage and soluble antibody was prepared from the various populations and 
tested in ELBA. Positive signals were achieved with soluble and phage ELBA, from sample 
derived by elation with 500 pM RT3a where. Individual colonies from this population were 
screened and 22/144 of the clones were found to be positive. 

Panning was also carried out in the original immunosorb tubes (Nunc). Elation was 
carried outusing either l(»tiiMtriethylaniiiie(jr5a)uMRT3a. Binding was carried out in the 
presence or absence of product A. (50, 500, 5000 pM). The results are summarized below: 



69 



SyBSTHUT£SHEHpii20} 



WO 95/27045 



PCI7US94/03420 




)MPETTNG PRODTTf^ YIELD OTlffl 
3a 52 



2/5O0jiMRT3a 0 product a 42 

:3/500^iMRT3a 50 jiM product a : 059 



4/500nMRT3a 
5/500jiMKT3a 



500 ^product a 
5000 jiM product a 



0.85 
47 



In this experiment, the yield of phage fay tricthylamine and RT3a elution (42-52 xlO*) 
is higher than previous experiments. The yield of phage from RT3a eiution is reduced by 70 
fold when 50 jiM product A is present during binding (suggesting binding is specific). There 
is a similar reduction with 500^ product^ 

returns to 47 x 10*. (This may be an effect of DMS, used to dissolve the product, which was 
present at 12% in this particular sample). Thus, it is possible to elute phage fiom either 96 
well plates or immunosorb tubes using hapten elution with minimal TSA molecules. 
Furthermore, the binding profile may be altered by c ompetin g with reaction products, thereby 
tailoring the binding profile of the eluted population accocdmg to the desired rcqm 

Example 10 

CDR Shuffling Of Human RT3 Binders 

The scheme used far shuffling CDR fragments is a modification of the chain <tmfFK ff g 
scheme described in Example 8.1. 

The primers VHCDR3BACK and REV YHCDR3BACK are complementary to each 
other and to a conserved sequence in the framework region of human VH genes immediately 
upstream of CDR3. A population of DNA fragments which includes both CDR1 and CDR2 of 
the heavy chain from the library described by Marks et aL, (1991) can be amplified using REV 
VHCDR3BACK (see below for sequence) and LBM3 (described in Example 4.2) and the 
remainder of the scFV from the chosen clone can be amplified using VHCDR3BACK (see 
below for sequence) and FDTSEQ1 (described in Example 4.2). This permits the linkage of a 
population of CDRs 1 and 2 with the remaining portion of a single clone by a two-fragment 
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assembly reaction. 

Similarly, a library of DNA fragments containing Ac CDR3 region of the heavy chain 
may be anqrfified using VHCDR3BACK and the linker located primer, PCRHLINK (see 
example42). The remaining portion of the heavy chain from the chosen clone was amplified 
with REV YHCDR3B ACK and LMB3 and the light chain was amplified with IJNKPCRL (see 
example 42) and FDTSEQL Urns, a population of CDR3 fragments may be introduced into a 
single clone by two sequential two-fragment assembly reactions; the first invovHng assembly 
of CDR 1 and 2 from die clone with the population of CDR3s. This is followed by a 
secondary PCR reaction using the flanking primers of this fragment LMB3 and PCRHLINK 
the product of this was gel purified for subsequent assembly of this with the light chain from 
the clone. 

For both CDR shuffling regimes, a finri 
LMB3 and EDTSEQ1 is performed. The CDR shuffled material is then digested with Notl 
and Sfi 1 far cloning into pCANTAB5-his 6 (see FIG. 7). 
Method For CDR Shuffling 

The primers FDTSEQI, LMB3, PCRHLINK and IJNKPCRL are described in 
Example 4 JL In addition, the following primers are used: 

VHCDR3BACK5' QAC ACQ GQTQ GT(AG) TAT TAC TGT 3* 

REV VHCDR3BACK 5 ' ACA GTA ATA (CI)AG (G A)GC CGT GTC 3 * 

(Nucleotides in paraentheses indicate introduced "wobbles" in the primer design to 
ensure universal amplification.) 

Primary PCR products are prepared in the following reactions: 



CD land 2 Fragment 
LBM3 primer 

(10pmoics/nl) 25 ul 

REV VHCDR3BACK primer 
(lOpmolesAil) 25 id 

1QXPCR 

Reaction Buffer 5.0 ul 
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5mMeachdNTP(S) 2 .5 ul 

I aq polymerase 
(5U/nl) 

Water • to50ul 



0.3 ul 



C PR3 Fragment 
PCRHLINK primer 

VHCDR3BACK primer ^ 
(lOpmotesul) 2 5ul 

10XPCR 
Reaction Buffer 

5mMeachdNTP(s) 2.5 ft 

laq polymerase 
(5U/UI) 

Water to 50 \il 



5.0 ul 
2.5 id 

0.3 |U 



rDJsEQl primer 

(lOpmotes/ul) 2 c „, 

VHCDR3BACK primer M 
(lOpmotesul) , « . 

10X PCR " 3 



Reaction Buffer < n ■•■ 

5mMeachdNTP( s ) S« 
Tatj polymerase H 

0.3 |il 



(5U/M 

Water to50ul 

Linker- VT.FpoTTv^t 
H3TSEQ1 primer 

(lOpmoles/pJ) 25||| 
LINKPCRL primer *" 
(lOpmotesul) 2 5 ul 

10XPCR 2,5 
Reaction Buffer 5 0 »i 

5mMeachdmP(s) ^ul 
Taq polymerase 

W) 0 3ul 

Water to5 0ul 

Miniprep DMA was prepamd from the library described by Marks et al. (1991) as 
1-p.ate for PCR. PCR produced from the clone was prepared by innoculating from a 

bacterial colony. 

PCR conditions were 25 cycles of 94* C I minute. 55' C 1 minute. 72' C 2 minutes 
with a final 10 minutes at 72* C 

Primary PCR products were gel purified using the Promega Magic PCR Prep System 
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5mMeaclidNTP(S) 25u| 

.o50,U 03,11 

PCR11L1NK primer 

(lOpmoles/nI) . 

VJICDR3BACK primer * 

I0XPCR 25 Ml 

Reaction Buffer Kn . 

5mMeachdNTP(s) 2'?}f 

Taqpoly,nerase 25 

Water .<>50n. 03 

* "loEQl pnmer 
OOpmoles/uJ) 

VIKDR3BACK primer " » U 

Reaction Buffer , n . 
5mMeachdNTP(s) 

'«! polymerase /,5 * U 

Water .050,,. °' 3 «" 

TOTSEQI pnmer 
(lOpmoles/nl) 
UNKPCRL 



UNKPCRL primer 
(IOpmoIesuI) 



Reaction Buffer 



5mMeachdNTP(s) ??K 

Taq polymerase 23 ^ 

^ to 50,U ° M 

i-i. J fc c,one was -~ * - ■ 

•'CRcondiUo„swere25cyc.esof94-Clmi n u,e, 55 . C .m i „,u C 7 r C2 • 

wiihannni m • ««nuie, /2 C 2 minutes 
wnnaiinal 10 mmuies at 72* C. 
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size. 



CDRl+2Shufning 

from an isolated clone on *n 

10XPCRB„ner ^0-50 ng 

5mMcochdNTP(s) 5?}' 

Tnq polymerase ^ fU 

Water ,o50>,l 0 3 

PCR conditions as for primary PCRs. 




Assembly product 
PDTSEQl primer 

LMB3 primer 2 5 \* 

(lOpmolesfcl) , c ... 

Reaction Buffer <n , 
5mMeachdNTP(s) 

Taq polymerase * u 

GUM) n , , 

IO50,, 03 M ' 

CDR3Sliuming 

5mMrachdNTP( s ) '"jj 

Tnq polymerase " <" 

^ .O50„l M M ' 

raSSfiSS. ,0 »" 
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Example 1 1 

Derivation Of Human Catalytic Antibodies By "Imprinting" 

cha.cteristics, to derive new antibodies, with simi, ar characteristics. THis is done by 
recombiningorigina. antibody ^W^^m^*,,,^,^ 
When new antibody elements a. found, which complement the original amibody o5nding 

^..^^^^^ 

gtve an entirely new antibody which mimic, Ac binding of the original antibody (PCT/GB/ 
mouse catalytic an li body. 

k sufficient J 

Wi k . ^ «M for deriving h™, Abodes win. sin*, ^ ^ „ 
an existing mouse antibody for example. 

^^^'^^^dPOU^.^^ 

ta» .nd «. cw M «re *. m ^ au b, pcr ^ „ ^ ^ ^ ^ dna 

prepared Iron the human scFv library described by Ma* e, UJUj* ^ (199I) : 58 

597 as described above. 

The individual mouse heavy chains from each Cone we re then recombined with the 
library of human light chains by PCR linkage as described above. Similarly, the individual 
hght chains were rccombined witi, ti,e library of heavy chains in the sune way. 

The resulting linked products were cleaved with ApaLl. (for mouse heavy chains) or 
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SFil (for human heavy chains) along with Noil, ligated imo the appropriate pCANTAB vector 
and transformation into E. coli TG 1 cells. All steps were as described above. 

Individual populations of TGI cells carrying each separate library, were grown for 2-3 
' hours at 3<r C and rescued by infection with VCSM 13 helper phage at 37' C. After overnight 
growth phage panicles were collected and concentrated. Each population was panned several 
times against RT3-BSA and indivdual binding clones identified by EUSA. 

Binding clones were selected and the human chain of each clone was amplified by PCR 
as before. This chain was recombined with the PCR product of the human library of 
complementary chains. PCR linkage, cleavage with SRI and Notl. ligation, transformation, 
phage rescue, panning and screening were as before. 

In this way, a new population of RT3 binders were derived whose binding profile was 
directed by the original mouse clone but which were entirely human. The above example 
covers imprinting by shuffling separate chains but could equally apply to shuffling parts of 
chains in a single or multiple rounds (as above). The library material was derived from the 
library of Marks et a!. J, Mol r Bio|, 222 (1991)^81-597 but could equally come from PCR 
products of human blood, spleen, etc, or could be partially or totally derived from synthetic 



DNA. 



The example given above involves shuffling chains within a single chain Fv on a single 
replicon. A similar result can be achieved by using non-linked VI WL or VH-Cf IG/VL-CL 
fragments displayed on phage (McCafferty et al. WO 92/01047). These again may be on the 
same replicon or may be on different replicons. For example, the heavy chain of the original 
mouse antibody may be cloned into P UC19 or other plasmid. in frame with appropriate 
promoters, signal peptide and stop codon(s) enabling it to be expressed as a soluble VH or 
VH-CH1 fragment in the bacterial periplasm (Better et al., 1989; Skerra et al., 1989). A 
growing culture of cells carrying this plasmid could then be infected with helper phage derived 
from a library of human light chains (either VL or VL-CL, as appropriate), cloned as fusions 
with gene m in fd-CATl or fd-DOGl (McCafferty et al., supra. 1991) for example. This will 
give rise to a population of phage expressing indivudal human light chain fused to gene III, 
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with a heavy chain partner derived from ,he mouse clone. Those human chains, which 
complement the binding activity of the mouse chain, will be enriched by panning (McCafferty, 
et ah, supra. 1991) and the gene encoding this chain will be present in the phage panicle. 

Light chains derived in this way can be recloned into a vector for soluble expression of 
the single chain in the periplasm, as was done for the original mouse chain. As before, a 
growing culture of cells expressing these individual human light chains could be infected with 
helper phage derived from a library of human heavy chains, cloned as fusions with gene in in 
fd-CATl or fd-DOGl (McCafferty et al.. supra. 1991) for example. As before panning 
against antigen with emich those clones with the appropriate binding activity. This will result 
in a pair of human clones which minor the binding of the original mouse clone. 

A similar process can be carried out by shuffling with the human heavy chain first and 
then the light chain. Alternatively, the enriched population or clones derived from one round of 
separate shuffling of heavy and light chains can be recombined with each other in the same way 
as described above for either SCFv(s) or separate chains. 
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WHAT IS CLAIMED IS 



. 1. Al^fcrpiwlad^cai^ 

of: 

(a) generating a gene library of antibody-derived domains; 

(b) inserting coding for said domains into a phage expression vector; and 

(c) isolating said catalytic antibodies. 

2. A method as recited in Claim 1 wherein said catalytic antibodies are single chain 
antibodies. 

3. Amettedasredtedinaaimlwh^mtheantiba^ 
in quantity by culturing E. coli cells. 

4. Catalytic antibodies prepared by the method of Claim 1. 

5. A method as recited in Claim 1 wherein said gene library of antibody-derived domains 
is generated from one or more of the following groups: 

(a) gene fragments obtained from lymphocytes from an immunized animal; 
b) gene fragments obtained from lymphocytes from a non-immunized 
animal; 

(c) gene fragments obtained by shuffling of VH and VL chains; 

(d) gene fragments obtained by shuffling of CDR regions; 

(e) gene fragments obtained by mutagenesis of CDR regions; 
(0 imprinting; or 

(g) synthetic antibody genes. 

6. A method for isolating catalytic antibodies displayed on phage comprising the following 
steps: 

(a) preparing an antigen; 

(b) immunizing with said antigen; 
generating a library of VH and VL domains from said immunized animal; 
cloning said VH and VL domains into a phage expression vector to generate 
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phage display antibodies; 
(e) selecting phage display antibodies which bind specifically to said antigen; 

substrate; and 
(g) isolating said catalytic antibodies. 

antibodies. 
8. 



9. 



A method as recited in Claim 6 wherein said antigen is a transition state analog. 
A method as recited in Claim 6 wherein said antigen is a phosphonate. 



10. A method as recited on Claim 6 wherein said 



antigen is 



1 1. Catalytic antibodies prepared by the method of Claim 6. 

1 2. A method for isolating catalytic human antibodies displayed on phage comprising the 
following steps: 

(a) preparing an antigen; 

(b) generating a library of VH and VL domains; 

(0 cloning said VH and VL domains into a phage expression vector to generate 
phage display antibodies; 

(d) selecting phage display antibodies which bind specifically ,o said antigen; 

(e) screening said selected phage display antibodies for catalytic activity to 
substrate; and 

(0 isolating said catalytic antibodies. 

A method as recited in Claim 12 wherein said library is mouse-derived. 
AmetitodasrecitedinQaim 12 wherein said antigen is atransition state analog. 
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15. A method as recited in Claim 12 wherein aid antigen is a phosph 

1 6. A method as recited in Claim 12 wherein said antigen 



lonate. 

is 



1 OH 



17. Catalytic antibodies prepared by the method of Claim 12. 

18. A "**«iforprodu^^ 
comprising the following steps: 

(a) corobimngaUbraryofVLgenes^ 
library; 

(b) cloning the shuffled chain; 

(c) expressing said chain shuffled antibody on phage; 

(d) selecting against an antigen; and 

(c) screening for catalytic activity. 

1 9. A method for producing catalytic antibodies displayed on phage through CDR shuffling 
comprising the following steps: 

(a) isolating VL and VH genes; 

(b) isolating a library of CDR regions; 

(0 recombining said VL and VH genes with said library of CDR regions to 
produce a CDR shuffled library, and 

(d) cloning the CDR shuffled library; 

(e) expressing said CDR shuffled library on phage; 

(f) selecting against an antigen; and 

(g) screening for catalytic activity. 

20. A method for producing catalytic antibodies displayed on phage through imprinting 
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comprising the following steps: 

(a) selecting a set of antibodies; 

0» isolating a set of VH and a set of VL genufiom said antibodies; 

(0 '^ngsaidsetofV^ 

wilh a library of VH to form two combination libraries; 

(d) cloning said combination libraries; 

(e) expressing said libraries on phage; 
(0 selecting against an antigen; 

(g) isolating selected libraries of VH and VL genes; 

00 combining said libraries of VH and VL genes; 

CO cloning said combined libraries; 

0) expressing said combined libraries on phage; 

00 respecting against an antigen; and 

0) screening for catalytic activity. 

IDV£ gene, and a phage gene III. 
retains antigenicity. 

23. ^•^^^^^CM m 21^^^^ JK ^^ 
derived catalytic antibody. 

25. A method forw vivo activation of a prodrug comprising: 

(a) introducing a prodrug imo a patient, said prodmg having a chemical bond 
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therein which upon cleavage releases the active to of said drug; and 
(b) introducing into said patient an effective amount of a phage-derived catalytic 
antibody capable of cleaving said bond in said prodrug. 

26. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a specific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 1. 

27. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a specific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 18. 

28. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a speqific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 19. 

29. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a specific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 20. 
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Figure 15C 
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